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I .  INTRODUCTION 
O n  J u n e  1 ,  1964 ,  t he  Iowa Coopera t i ve  F i sher ies  Research  Un i t  
i n i t i a ted  s tud ies  re la t i ng  to  the  phys io logy  o f  fa rm pond  f i sh .  The  
o r ig ina l  ob jec t i ve  o f  the  s tudy  was  t o  de te rm ine  i f  some dens i t y  de ­
penden t  phys io log ica l  pa ramete rs  cou ld  be  e luc ida ted .  Two phases  o f  
the  s tudy  were  under taken ,  b lood  phys io logy  and  h i s to logy  o f  f i sh  f rom 
norma l  and  c rowded  popu la t ions .  Resu l t s  o f  the  h i s to log ica l  s tudy  were  
repor ted  by  Grover  ( I 966) .  
One  o f  the  bas ic  p rob lems i n  Iowa fa rm ponds  i s  overc rowd ing ,  
wh ich  resu l t s  i n  poor  g row ing  cond i t i ons  and  s tun ted  f i sh .  S tun t ing  i s  
de f ined  by  Lag le r  e^  a j_ .  (1962)  as  a  reduc t ion  i n  spec i f i c  g rowth  as  
compared  to  the  average  fo r  the  a rea  o r  spec ies .  Food  supp ly  i s  p rob ­
ab ly  one  o f  the  mos t  impor tan t  f ac to rs  a f fec t ing  the  g rowth  o f  f i shes  
(Brown,  1957) .  Benne t t  ( I 962)  cons ide rs  the  food  supp ly  to  be  one  o f  
the  mos t  impor tan t  f ac to rs  to  be  s tud ied  when  compar ing  g rowth  ra tes  o f  
f i shes .  There fo re ,  i f  an  adequa te  food  supp ly  i s  no t  ava i l ab le ,  i n  a l l  
p robab i l i t y  f i sh  w i l l  no t  a t ta in  the  des i red  g rowth  ra te  su i tab le  fo r  
the  ex is t i ng  phys io -chemica l  cond i t i ons .  The  degree  o f  c rowd ing  m igh t  
a l so  be  a  f ac to r  i n  g rowth  ra tes  o f  f i sh .  Brown (1946)  found  no  
apparen t  e f fec t  o f  abso lu te  tank  s i ze  on  g roups  o f  2  year -o ld  Sa 1  mo  
t ru t ta ,  bu t  she  found  an  op t imum degree  o f  c rowd ing .  S t i l l  o the r  
au tho rs  have  pos tu la ted  tha t  g rowth  and  rep roduc t ion  were  i nh ib i ted  by  
ammon ia  and  o the r  ma te r ia l  exc re ted  i n to  the  wa te r  (Sw ing le ,  1956a ,  
Kawamato ,  I 96 I ) .  A l though  food  supp ly  i s  a  ve ry  impor tan t  f ac to r  i n  
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f i sh  a t ta in ing  good  g rowth  ra tes ,  these  o the r  fac to rs  shou ld  be  con­
s ide red .  
A  method  o f ten  used  i n  mammal ian  popu la t ions  to  de te rm ine  popu la ­
t i on  s t ress  i s  based  on  the  concep t  o f  the  sodophycho log ica1-phys io -
l og ica l  feed-back  sys tem o f  Chr i s t i an  (1959) -  Th is  techn ique  re l i es  
on  ad rena l  hyper t rophy  as  an  i nd ica to r  o f  popu la t ion  s t ress .  Inc reased  
adrena l  we igh ts  a re  i nd ica t i ve  o f  s t ress fu l  cond i t i on .  Negus  (1961)  
ques t ioned  th i s  theory  and  p rov ided  ev idence  tha t  t h i s  theory  wou ld  no t  
app ly  i n  a l l  cases .  The  g rea tes t  d i sadvan tage  o f  us ing  adrena l  we igh ts  
i n  f i sh  i s  tha t  i n  mos t  bony  f i shes  the  in te r rena l  t i ssue  (ad rena l )  i s  
more  d i f f use  and  usua l l y  found  a long  the  pos t  ca rd ina l  ve ins  as  they  
pass  th rough  the  head  k idney  (Lag le r  e^  a j_ . ,  1962) .  Fo r  t h i s  reason  
ad rena l  we igh ts  were  no t  a t tempted .  
Ano ther  poss ib i l i t y  re la ted  to  adrena l  f unc t ion  i s  the  assay  o f  
ad rena l  co r t i cos te ro ids  i n  the  b lood .  The  p resence  o f  these  sec re t ions  
i n  f i sh  b lood  has  been  demons t ra ted  by  Nand i  and  Bern  ( i 960) ,  Ph i l l i ps  
^  a_l_ .  ( 1959)5  Hane  and  Rober tson  (1959) ,  and  Jones  and  Ph i l l i ps  ( i 960) .  
Nand i  and  Bern  ( I960)  s ta ted  tha t  no  co r re la t i on  cou ld  be  made  be tween  
the  sec re to ry  pa t te rn  o f  the  co r t i cos te ro ids  and  the  hab i ta t ,  phys io logy  
o r  taxonomic  pos i t i on  o f  the  spec ies .  Hane  and  Rober tson  (1959)  found  
no  qua l i t a t i ve  va r ia t i on  i n  the  b lood  co r t i co ids  o f  sa lmon  under  d i f f e r ­
en t  env i ronmenta l  cond i t i ons .  Jones  and  Ph i l l i ps  (196O)  repor ted  tha t  
17 -hydroxycor t i co id  l eve ls  were  a l te red  i n  ca rp  b lood  when  the  f i sh  
were  removed  f rom wate r  and  t ranspor ted  va ry ing  d i s tances .  Grea te r  
d i f f e rences  were  a l so  no ted  i n  f i sh  tha t  had  undergone  fo rced  sw imming .  
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Af te r  mak ing  h i s tochemica1  de te rm ina t ions  o f  cho les te ro l  and  ascorb ic  
ac id  con ten t  o f  ad renocor t i ca l  ce l l s  o f  go ld f i sh ,  Chav in  and  Kovacev ic  
(1961)  conc luded  tha t  o rd ina ry  methods  o f  cap tu r ing  f i sh  rap id l y  w i th  
a  ne t  a re  su f f i c ien t  to  dep le te  the  adrena ls  o f  these  subs tances .  
These  f i nd ings  were  fu r the r  con f i rmed  w i th  bo th  f resh  wa te r  and  mar ine  
te leos ts  (Chav in  and  O l i ve reau ,  I 96 I ) .  Because  o f  the  lack  o f  co r re la ­
t i on  be tween  the  sec re t ion  o f  co r t i cos te ro ids  and  hab i ta t  and  phys io ­
log ica l  fac to rs  and  the  apparen t  sens i t i v i t y  o f  these  sec re t ions  to  
shor t  te rm e f fec ts  ra the r  than  to  long  te rm e f fec ts ,  ad rena l  co r t i co ids  
were  no t  cons ide red  i n  th i s  s tudy .  Ins tead ,  a t ten t ion  was  d i rec ted  to  
the  b lood  p ro te ins .  
B lood  i s  a  comp lex  t i ssue  composed  o f  suspended  ce l l s  (e ry th rocy tes ,  
l eukocy tes ,  and  th rombocy tes )  and  a  f l u id  p lasma po r t i on ,  wh ich  i s  made  
up  o f  wa te r  (90%) ,  i no rgan ic  cons t i t uen ts ,  ma te r ia l s  i n  t ranspor t  and  
p ro te ins  (a lbumins ,  g lobu l ins ,  l i po  p ro te ins ,  and  f i b r inogen) .  The  
b lood  func t ions  p r inc ipa l l y  as  a  t ranspor t  sys tem,  t ranspor t i ng  nu t r i ­
en ts ,  ho rmones ,  and  oxygen  to  the  t i ssues  and  i s  the  med ia  i o to  wh ich  
was te  p roduc ts  a re  d ischarged .  The  b lood  p ro te ins  se rve  to  ma in ta in  
f l u id  ba lances  be tween  the  t i ssues  and  the  b lood  (a lbumins ) ,  as  a  
de fense  aga ins t  i n fec t ion  (g lobu l ins ) ,  f o r  p reven t ion  o f  hemmor rhage  
( f i b r inogen) ,  and  as  rese rve  p ro te ins  (amino  ac ids )  fo r  the  t i ssues .  
The  b io log fca l  s ign i f i cance  o f  p ro te ins  canno t  be  overemphas ized .  
They  no t  on ly  fo rm the  s t ruc tu ra l  f ramework  o f  t i ssues ,  bu t  a l so  ac t  
as  con t ro l l e rs  o f  metabo l i c  func t ions .  The  p ro te in  cons t i t uen ts  o f  the  
body  ex i s t  as  a  dynamic  equ i l i b r ium (Can ta row and  Schepar tz ,  1962) .  A l l  
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molecu les ,  i nc lud ing  s t ruc tu ra ]  mo lecu les ,  a re  cons tan t l y  be ing  b roken  
down and  rebu i l t .  I n  g row ing  o rgan isms  the  ra te  o f  b reakdown i s  
exceeded  by  the  ra te  o f  syn thes is .  When  o rgan isms  a re  depr i ved  o f  
exogenous  p ro te in ,  the  ra te  o f  anabo l i sm i s  exceeded  by  the  ra te  o f  
ca tabo l i sm.  The  b lood  p ro te ins  occupy  a  cen t ra l  pos i t i on  i n  p ro te in  
metabo l i sm because  o f  t he i r  c lose  re la t i onsh ip  to  p ro te in  syn thes is  
i n  the  l i ve r  as  we l l  as  the i r  i n te r re la t i onsh ip  w i th  o the r  t i ssues  
th roughou t  the  body .  There fo re  i t  i s  easy  t o  v i sua l i ze  tha t  an  i n f l u ­
ence  on  one  body  func t ion  wou ld  i n f l uence  o the r  body  func t ions  and  be  
re f l ec ted  i n  the  b lood  p ro te ins .  
B lood  p ro te ins  o f  va r ious  an ima ls  have  been  s tud ied  ex tens ive ly  
fo r  two  reasons :  (1 )  they  a re  the  mos t  eas i l y  a t ta inab le  samp le  o f  
p ro te in  i n  the  body  and  (2 )  the  p lasma p ro te ins  occupy  a  cen t ra l  
pos i t i on  i n  p ro te in  metabo l i sm.  Because  o f  the  i n te r re la t i onsh ips  
be tween  p ro te ins  o f  the  b lood  and  t i ssue ,  a  g rea t  dea l  can  be  lea rned  
abou t  t he  genera l  s ta tus  o f  p ro te in  metabo l i sm by  examin ing  the  b lood  
p ro te ins  (Can ta row and  Schepar tz ,  1962) .  Guy ton  (1961)  s ta tes  tha t  the  
p lasma p ro te ins  func t ion  as  a  l ab i l e  p ro te in  s to rage  med ium and  rep re ­
sen t  a  rap id l y  ava i lab le  source  o f  amino  ac ids  whenever  a  pa r t i cu la r  
t i ssue  requ i res  them.  
B ie r  (1959)  be l i eves  the  changes  i n  b lood  p ro te in  a re  re la ted  to  
the  phys io log ica l  cond i t i on  o f  the  tes t  o rgan ism.  Dunn  and  Pearce  
(1961)  ag reed  w i th  B ie r  and  sugges ted  tha t  the  genera l  i nc rease  i n  low-
mob i l i t y  p ro te ins  i n  human se rum rep resen ts  a  non-spec i f i c  response  to  
s t ress  and  te rmed  th i s  a  s t ress  pa t te rn .  '  
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Booke  (1964)  s ta tes  tha t  a  c lose  re la t i onsh ip  ex i s t s  among  the  
b lood ,  the  p ro te in  sys tem,  and  the  phys io log ica l  s ta te  o f  a  f i sh  and  
p resen ted  a  comprehens ive  l i t e ra tu re  rev iew o f  f i sh  b lood  p ro te ins  and  
the  fac to rs  tha t  cause  a l te ra t ions  i n  them.  He  c i t ed  s tud ies  show ing  
tha t  sex ,  season ,  h ibe rna t ion ,  ho rmones ,  oxygen  dep le t ion ,  tempera tu re ,  
and  age  have  an  e f fec t  on  the  se rum comp lement  o f  f i sh .  A l though  the  
concen t ra t ion  o f  the  se rum componen ts  may  be  a l te red ,  the  mo lecu la r  
s t ruc tu re  o r  spec ies  spec i f i c  na tu re  o f  these  p ro te ins  w i l l  no t  change .  
F i sh  b lood  p ro te ins  have  been  used  fo r  taxonomic  and  compara t i ve  
s tud ies  s ince  the  i n i t i a l  s tudy  o f  Nu t ta l  (1901) .  By  necess i t y  the  
ea r l y  s tud ies  used  quan t i ta t i ve  chemica l  me thods ,  Lepkovsky  (1929) ;  
Wars  (193^ ) ;  F ie ld  e^  (19^3) ;  and  o the rs .  I t  was  no t  un t i l  t he  
in t roduc t ion  o f  the  mov ing  boundary  e lec t rophore t i c  method  (T i se l i us ,  
1937)  t ha t  compara t i ve  s tud ies  o f  the  va r ious  p ro te in  componen ts  cou ld  
be  made .  
Booke  (1964)  i n  h i s  rev iew o f  f i sh  serum p ro te ins  c i ted  26  au tho rs  
tha t  re la ted  changes  i n  f i sh  to ta l  se rum p ro te ins  to  va r ious  phys io ­
log ica l  i n f l uences .  The  causes  o f  these  changes  have  been  l i s ted  
p rev ious ]y .  
More  recen t  s tud ies  have  made  use  o f  e lec t rophore t i c  techn iques  
to  s tudy  re la t i onsh ips  o f  f i sh  to  the i r  env i ronment .  The  bu lk  o f  these  
s tud ies  i s  concerned  p r imar i l y  w i th  taxonomic  p rob lems and  w i l l  no t  be  
cons ide red  he re .  
The  s t ress  pa t te rn  o f  Dunn  and  Pearce  ( I96 I )  has  been  demons t ra ted  
i n  f i sh  by  va r ious  au tho rs .  Neuho ld  and  S ig le r  ( i 960)  and  Fu j i ya  ( I96 I )  
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f ound  inc reases  i n  low-mob i l i t y  p ro te ins  and  reduc t ions  i n  h igh -mob i l i t y  
p ro te ins  i n  f i sh  sub jec ted  to  tox i c  mate r ia l s .  Bouck  and  Ba l l  (19Ô5)  
repor ted  tha t  the  p ropor t i ona l  amoun ts  o f  l ow-mob i l i t y  p ro te ins  were  
s ign i f i can t l y  inc reased  i n  b lueg i l l s  and  la rgemouth  bass  when  sub jec ted  
to  hypox ic  s t ress ,  bu t  no t  i n  ye l l ow  bu l lheads  ( I c ta lu rus  nF ta l i s ) .  
Bouck  (1966)  found  tha t  sub le tha l  cond i t i ons  wh ich  inc luded  low d iu rna l  
oxygen  l eve ls  w i th  and  w i thou t  food  o f fe red ,  exposure  to  d i va len t  
n i cke l ,  exposure  to  d i va len t  n i cke l  concur ren t l y  w i th  low oxygen ,  h igh  
ca rbon  d iox ide  leve ls ,  and  fas t ing  a l te red  the  p lasma p ro te in  compos i ­
t i on  o f  rock  bass  (Amb lop l i t es  rupes t r i s ) .  
F i sh  in fec ted  w i th  d i sease  o rgan isms  a l so  showed a l te ra t ions  i n  
b lood  p ro te in  pa t te rns .  S indermann  and  Ma i rs  (1958)  found  tha t  sea  
he r r ing  (no  spec ies  g i ven)  i n fec ted  w i th  a  funga l  d i sease  
( I ch thyospor id ium ho fe r i )  has  reduced  amoun ts  o f  the  fas tes t  p ro te in  
componen t ,  Hunn  (1964)  repor ted  tha t  b rook  t rou t  (Sa lve l i nus  
fon t  i na l i s )  w i th  k idney  d i sease  showed i nc reases  i n  the  low-mob i l i t y  
p ro te ins  w i th  a  comp le te  d i sappearance  o f  the  fas tes t  mov ing  f rac t ion .  
D ie t  has  a l so  been  shown to  a l te r  the  p ropor t i ona l  amoun ts  o f  the  
p ro te in  bands .  Lysak  and  Wo je ik  ( i 960)  fed  d ie ts  con ta in ing  va r ious  
amoun ts  o f  p ro te in  to  one  and  two  year -o ld  ca rp .  Low p ro te in  d ie ts  
were  assoc ia ted  w i th  reduc t ions  i n  the  h igh -mob i l i t y  f rac t ion .  
Sorvachev  (1957)  and  Fu j i ya  (1961)  repor ted  resu l t s  s im i la r  t o  those  
o f  Lysak  and  Wo je ik  i n  s ta rv ing  ca rp .  S indermann  and  Ma i rs  ( I96 I )  s ta ted  
tha t  f rac t ion  1 s lumped  d ras t i ca l l y  i n  serum o f  a  1  ew i  ve ' s  (  A1  osa  
pseudoharengus)  he ld  exper imen ta l l y  i n  sea  wa te r  under  s ta rva t ion  fo r  
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two  mon ths .  
Amb ien t  tempera tu res  (  16°  C .  )  were  assoc ia ted  w i th  inc reased  
amoun ts  o f  l ow-mob i l i t y  p ro te ins  i n  ra inbow t rou t  (Me isner  and  H ickman,  
1962) .  Var ious  pho toper iods  were  tes ted  i n  con junc t ion  w i th  tempera ­
tu re  bu t  had  no  apparen t  e f fec t .  
Bouck  and  Ba l l  (1966)  i nves t iga ted  the  e f fec ts  o f  cap tu re  methods  
on  p lasma p ro te ins  o f  ra inbow t rou t .  S t ress fu l  cap tu re  methods  
(ang l ing  and  e lec t ro -shock ing )  caused  reduc t ions  i n  the  amoun t  o f  p lasma 
p ro te ins  and  caused  sma l l  bu t  s ign i f i can t  changes  i n  the  compos i t i on  o f  
these  p ro te ins .  The  au tho rs  f e l t  these  changes  were  due  to  i n  v i vo  
coagu la t ion .  
O ther  au tho rs  have  repor ted  changes  i n  serum p ro te in  pa t te rns  o f  
f i shes  caused  by  na tu ra l  ma tu ra t ion  p rocesses .  Moore  (19^5)  repor ted  
changed  e1ec t rophore t i c  pa t te rns  o f  f i shes  and  o the r  an ima ls  as  age  
and  deve lopment  p rog ressed .  Vans tone  and  Ho ( I96 I )  found  tha t  as  coho  
sa lmon  (Oncorhynchus  k i su tch )  matu red  sexua l l y ,  a  s i x th  p lasma p ro te in  
f rac t ion  occur red  wh ich  was  admixed  w i th  f rac t ion  4.  Th is  f rac t ion  
d isappeared  f rom the  p lasma a t  abou t  t he  same t ime  eggs  were  re leased  
f rom ovar ian  t i ssue ,  and  i t  was  absen t  f rom spawn ing  o r  spawned-ou t  
f i sh .  Bouck  and  Ba l l  (1$65)  observed  sexua l  d i f f e rences  i n  p lasma 
p ro te ins  o f  spawn ing  p i ke  (Esox  1uc i  us ) .  Booke  ( I965)  found  tha t  as  
wh i te f i sh  g rew o lde r ,  two  se rum p ro te in  f rac t ions  inc reased  i n  amoun t .  
These  f rac t ions  were  though t  t o  be  i n  the  g lobu l in  po r t i on  o f  the  se rum 
when  compared  to  human se rum.  
Inheren t  i nd iv idua l  va r ia t i ons  i n  serum p ro te ins  were  repor ted  by  
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Huntsman ( I966) .  He  found  se rum p ro te ins  too  va r iab le  to  s tudy  the  
taxonomic  re la t i onsh ips  o f  the  fami l y  Ca tos tomidae  and  i nd ica ted  tha t  
h i s  method  (d i sc  e lec t rophores is )  m igh t  have  been  too  sens i t i ve  to  
ind iv idua l  gene t i c  d i f f e rences  and  env i ronmenta l  and  phys io log ica l  
e f fec ts  to  be  used  i n  taxonomy.  Tsuyuk i  and  Rober ts  ( I966)  repor ted  
ex t reme ly  va r iab le  p ro te in  pa t te rns  i n  f i shes  f rom the  Grea t  Lakes  
reg ion .  They  f e l t  t h i s  va r iab i l i t y  m igh t  be  due  to  the  gene t i c  d i ve rs i t y  
o f  f resh  wa te r  f i sh .  
The  resu l t s  o f  e lec t rophore t i c  s tud ies  o f  f i sh  serum p ro te ins  can  
be  summar ized  as  fo l l ows :  (1 )  b lood  p ro te in  pa t te rns  a re  a l te red  by  
sex ,  age ,  the rma l  s t ress ,  d ie t ,  d i sease ,  t ox i c i t y ,  hypox ic  s t ress ,  
and  cap tu re  methods ,  (2 )  usua l l y  the  induced  changes  a re  s im i la r  t o  
the  s t ress  pa t te rn  o f  humans  repor ted  by  Dunn  and  Pearce  (196 ] ) ,  and  
(3 )  i nheren t  va r ia t i on  ex is ts  i n  b lood  p ro te ins  o f  f reshwate r  f i sh ,  
wh ich  m igh t  be  due  to  ind iv idua l  gene t i c  va r ia t i on  o r  env i ronmenta l  
and  phys io log ica l  e f fec ts .  
The  spec i f i c  ob jec t i ves  o f  t h i s  s tudy  were :  (1 )  t o  de te rm ine  i f  
serum p ro te ins  cou ld  be  used  as  a  too l  t o  e luc ida te  the  re la t i ve  we l l -
be ing  o f  b lueg i l l  sun f i sh  (Lepomis  macroch i rus )  samp led  f rom va ry ing  
popu la t ion  dens i t i es ,  (2 )  t o  de te rm ine  the  e f fec t  o f  age ,  sex ,  ma tu r i t y ,  
season ,  feed ing ,  and  c rowd ing  on  the  se rum p ro te ins  o f  b lueg i l l  sun f i sh .  
These  ob jec t i ves  were  tes ted  by  se lec t ing  s tudy  ponds  i n  cen t ra l  
Iowa  w i th  va ry ing  popu la t ion  dens i t i es  and  pe r iod ica l l y  samp l ing  
b lueg i l l s  f rom these  ponds  to  make  e lec t rophore t i c  compar i sons  o f  the  
b lood  p ro te ins .  Popu la t ion  dens i t i es ,  ages ,  and  g rowth  ra tes  fo r  f i sh  
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f rom each  pond  were  a l so  de te rm ined  fo r  compara t i ve  pu rposes .  Labora to ry  
exper imen ts  were  conduc ted  to  de te rm ine  the  e f fec t  o f  d ie t  and  c rowd ing  
on  the  se rum p ro te ins  under  con t ro l l ed  cond i t i ons .  
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I I .  STUDY AREAS 
A .  Loca t ion  
The  fa rm ponds  i nc luded  i n  th i s  s tudy  a re  loca ted  i n  cen t ra l  Iowa  
i n  Jasper ,  Po lk ,  and  S to ry  coun t ies  (Tab le  ] ) .  
Tab le  Î ,  Loca t ion  and  su r face  a rea  o f  s tudy  ponds  
Coun ty  Owner  Towns  h i  p  Range  Sec t  i  on Area  (Ac res )  
Jasper  Sparks  81  N 21  W 19  1  .  1 
Po lk  Hu f facker  81  N 22 W 9  2 .5  
L i  nk  81  N 22  W 15  1 .3  
S to ry  K imber1ey  82  N 21  W 35  0 .78  
Mc La  i  n  83  N 22  W 14  0.97 
B.  So i l s  • -  "  -
Hu f facker ,  L ink  and  Sparks  ponds  a re  l oca ted  i n  Car r ing ton  loam 
so i l  (S tevenson  and  Brown,  1922  and  S tevenson  and  Brown,  1926) .  Th is  
so i l  t ype  i s  p rac t i ca l l y  a lways  ac id  i n  reac t ion .  In  topography  the  
Car r ing ton  loam i s  s t rong ly  undu la t ing  to  gen t l y  ro l l i ng  w i th  adequa te  
d ra inage .  
K imber ley  Pond  i s  loca ted  on  L ind ley  loam,  s teep  phase ,  so i l  
wh ich  ranges  f rom undu la t ing  to  ro l l i ng  w i th  a  s lope  g rea te r  than  15% 
(Me l  d rum and  Per fec t ,  1941) .  Th is  so i l  p ro f i l e  has  a  l i gh t  co lo red  
su r face  so i l  w i th  ca lca reous  t i l l  near  the  su r face .  Grave l  i s  p resen t  
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t h roughou t  the  so i l  and  genera l l y  more  abundan t  i n  the  lower  pa r t .  
I t  i s  genera l l y  ac id  and  low i n  o rgan ic  ma t te r .  
McLa in  Pond  i s  loca ted  i n  C la r ion  loam,  e roded  phase ,  so i l  
(Me l  d rum and  Per fec t ,  19^1) .  Th is  so i l  t ype  occup ies  i r regu la r l y  
undu la t ing  to  gen t l y  ro l l i ng  land  bo rder ing  some o f  the  sma l le r  
s t reams;  and  i n  the  up lands  i t  i s  ad jacen t  t o  la rge r  s t reams.  The  
so i l  p ro f i l e  has  a  4 -6  inches  th i ck  laye r  o f  da rk  ma te r ia l  on  the  
Sur face  w i th  ca lca reous  mate r ia l s  occur r ing  a t  a  dep th  f rom 18-24  
inches ,  wh ich  may  come t o  the  su r face  i n  ce r ta in  a reas .  
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I I I .  POPULATION ESTIMATES 
P re l im ina ry  popu la t ion  eva lua t ions  were  made  on  the  s tudy  ponds  
w i th  a  m innow se ine  o r  25 - foo t  bag  se ine  i n  the  sha l low wa te r  a reas .  
Th is  se in ing  gave  an  i nd ica t ion  o f  the  spec ies  p resen t  and  whe ther  the  
pond  was  ba lanced  o r  unba lanced  (Sw ing le ,  1950) .  The  Sw ing le  (1956b)  
pond  ana lys i s  p rocedure  was  used  to  de te rm ine  the  cond i t i on  o f  the  
popu la t ion  be fo re  s tudy  was  con t inued  on  a  pa r t i cu la r  pond .  The  
cond i t i on  o f  ba lance  i s  de te rm ined  f rom the  success  o f  rep roduc t ion  
o f  bass  and  b lueg i l l s  and  the  abundance  o f  i n te rmed ia te -s i zed  b lue -
g i l l s .  I f  young-o f - the -year  bass  and  b lueg i l l s  a re  p resen t  w i thou t  
an  abundance  o f  i n te rmed ia te -s i zed  b lueg i l l s  (2  to  3  i nches ) ,  t he  pond  
i s  cons ide red  to  be  ba lanced .  I f  on ly  2  t o  3  i nch  b lueg i l l s  a re  
found  and  the re  i s  l i t t l e  o r  no  rep roduc t ion  o f  bass  o r  b lueg i l l s ,  the  
pond  i s  cons ide red  to  be  overc rowded  w i th  b lueg i l l s .  When l i t t l e  or  
no  rep roduc t ion  i s  no ted  and  no  in te rmed ia te  b lueg i l l s  a re  p resen t ,  
t he  pond  i s  cons ide red  to  be  overc rowded  w i th  bass .  
I f  popu la t ions  were  su i tab le  fo r  fu r the r  s tudy ,  the  pond  was  
se ined  w i th  a  60 - foo t  bag  se ine  (1 /2  inch  bar -mesh  bag ,  1 /2  i nch  ba r -
mesh  w ings ) .  A l l  f i sh  above  2 .5  inches  were  marked  by  remov ing  one  
o r  two  pe lv i c  f i ns .  I t  was  necessary  t o  remove  two  f i ns  f rom f i sh  
i n  ponds  tha t  had  been  es t ima ted  the  p rev ious  year .  Add i t i ona l  
se in ing  was  de layed  a t  l eas t  48  hours  t o  a l l ow  the  marked  f i sh  to  
become red is t r i bu ted .  Se in ing  was  con t inued  un t i l  approx imate ly  30% 
o f  the  f i sh  i n  a  samp le  were  recap tu red .  A  samp le  i n  th i s  case  
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equa led  one  samp l ing  day  ra the r  than  one  se ine  hau l .  I t  was  no ted  i n  
i n i t i a l  se in ings  tha t  b lueg i l l s  were  no t  randomly  d i s t r i bu ted  th rough­
ou t  the  ponds  bu t  were  found  i n  schoo ls ;  t he re fo re ,  an  a t tempt  was  
made  t o  samp le  as  much  o f  the  pond  as  feas ib le  i n  one  samp le  and  t o  
cap tu re  b lueg i l l s  f rom as  many  a reas  as  poss ib le .  I n  the  sma l le r  
ponds  where  d i f f e ren t  se ine  hau ls  m igh t  ove r lap ,  f i sh  were  he ld  a f te r  
mark ing  un t i l  the  en t i re  pond  was  se ined .  Th is  p rocedure  was  a l so  
fo l l owed  whenever  a  pond  was  samp led  by  e lec t ro -shock ing .  
Popu la t ions  were  es t ima ted  by  Schnabe l  (1938)  and  Schumacher -
Eschmeyer  (19^3)  fo rmu lae .  These  fo rmu lae  a re ;  
(1 )  Schnabe l  
P  =  ^  AB 
è  C 
^  = Summat  i  on  
P =  Popu la t ion  es t ima te  
A  =  Number  o f  f i sh  caugh t  a t  any  t ime  
B =  Number  o f  marked  f i sh  p resen t  
C =  Number  o f  marked  f i sh  recap tu red  
(2 )  Schumacher -Eschmeyer  
P  =  £ | jN2) (M+U) ]  
iW) 
N =  Number  o f  marked  f i sh  p resen t  
M+U =  To ta l  number  o f  f i sh  i n  each  samp le  
M =  Number  o f  marked  f i sh  taken  i n  each  samp le  
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The  samp le  va r iance  and  s tandard  e r ro r  o f  the  es t ima te  were  ca lcu la ted  
as  fo l l ows  fo r  the  Schumacher -Eschmeyer  es t ima tes ;  
Us ing  the  same da ta ,  the  two  es t ima tes  gave  s im i la r  bu t  d i f f e ren t  
popu la t ion  es t ima tes .  There fo re ,  a  cho ice  was  made  be tween  the  two  
es t ima tes .  R icke r  (1948)  po in ted  ou t  tha t  the  e f f i c iency  o f  the  
Schumacher -Eschmeyer  es t ima tes  i s  a t  a  max imum when  N /P  i s  equa l  t o  
0 .5  whereas  Schnabe l ' s  fo rmu la  becomes  more  e f f i c ien t  as  B /P  
approaches  ze ro ,  and  the  two  fo rmu lae  a re  o f  equa l  e f f i c iency  when  
N /P  =  B /P  =  0 .25 .  
S ince  the  p ropor t i on  o f  marked  f i sh  to  the  to ta l  popu la t ion  
i n  Sparks ,  L ink ,  K imber ley ,  and  McLa in  ponds  ranged  above  0 .25 ,  the  
Schumacher -Eschmeyer  es t ima t ion  was  used  on  these  ponds .  The  p ropor ­
t i on  o f  marked  i nd iv idua ls  to  the  popu la t ion  es t ima te  i n  Hu f facker  and  
L ink  ponds  i n  1^64  was  be low 0 .25 ;  the  Schnabe l  es t ima te  was  used  i n  
th i s  case  (Tab le  2 ) .  
s  
2 
K =  Number  o f  samp les  taken  
2 
S.E.  
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Tab le  2 .  Compar i son  o f  Schnabe l  and  Schumacher  -Eschmeyer  es t ima tes  
Es t ima tes  f i  sh /ac re  Ra t io  
Pond  Year  Schumacher -
Eschmeyer  
Schnabe l  N /P  B /P  
Sparks  1965 2904 2218 0 .58 0 .45 









0 .27  
Hu f facker  1965 3750 3895 0 .17  0 .18  
K imber1ey  1965 5932 5311 0.29 0 .26  







0 .35  
0.23 







0 .42  
0.39 
0 .4 ]  
0.31 
^Green  sun f i sh .  A l l  o the rs  a re  b lueg i l l  es t ima tes .  
I n  each  case ,  where  one  popu la t ion  es t ima te  was  assumed to  be  more  
e f f i c ien t  than  the  o the r ,  t h i s  es t ima te  was  h igher  than  the  o the r .  
S ince  the re  appears  t o  be  a  g rea te r  chance  to  underes t ima te  popu la t ions  
(Buck  and  Tho i t s ,  1965) ,  t h i s  was  ano the r  reason  fo r  us ing  the  
Schumacher -Eschmeyer  and  Schnabe l  es t ima tes  on  the  above  men t ioned  
ponds .  
Buck  and  Tho i t s  (19^5)  examined  20  pub l i shed  records  o f  f i sh  
popu la t ions  es t ima ted  by  se in ing  wh ich  were  checked  by  po ison ing  o r  
d ra in ing  censuses .  The  range  o f  e r ro rs  w i th in  these  da ta  was  cons ide r ­
ab le ;  the  average  e r ro r  fo r  the  20  es t ima tes  was  approx imate ]y  38%.  
E r ro rs  o f  ove res t ima t ion  were  few (5 )  and  re la t i ve l y  m inor  i n  ex ten t  
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o f  e r ro r  (ave rage  abou t  13%) ;  e r ro rs  o f  underes t ima t ion  were  more  
common (15 )  and  l a rge r  (ave rage  abou t  kk /o ) .  Buck  and  Tho i t s  found  
i n  the i r  own s tudy  tha t  the  p reponderance  o f  underes t ima t ion  to  
over  es t ima t ion  fo r  b lueg i l l  popu la t ions  was  39 -3 .  
Cer ta in  bas ic  assumpt ions  mus t  be  t rue  be fo re  mark ing  and  re ­
covery  methods  can  be  used  to  es t ima te  to ta l  f i sh  popu la t ions  
(R icke r ,  1948) .  
(1 )  Marked  f i sh  mus t  become randomly  d i s t r i bu ted  th roughou t  
the  popu la t  i on .  
(2 )  Marked  f i sh  a re  as  vu lne rab le  to  the  samp l ing  methods  as  
the  unmarked .  
(3 )  The  marked  f i sh  su f fe r  no  g rea te r  mor ta l i t y  than  the  
unmarked  f i sh .  
(4)  Marked  f i sh  do  no t  l oose  the i r  marks .  
(5 )  A l l  marks  a re  recogn ized  and  repor ted  on  recap tu re .  
(6 )  Recru i tmen t  t o  the  popu la t ion  i s  neg l ig ib le  du r ing  the  
t ime  recover ies  a re  be ing  made .  
To  mee t  t he  assumpt ion  tha t  marked  f i sh  were  randomly  d i s t r i bu ted ,  
f i sh  were  marked  and  a  pe r iod  o f  a t  l eas t  48 hours  e lapsed  be fo re  
add i t i ona l  se in ing  was  a t tempted .  S ince  fou r  ponds  were  no  g rea te r  
than  1 .3  ac res  i n  s i ze ,  approx imate ly  80 -90% o f  the  pond  cou ld  be  
se ined .  The  l a rges t  pond  was  2 .5  ac res  bu t  due  t o  i t s  shape  much  o f  
the  pond  cou ld  be  se ined .  On two  occas ions  a  220  vo l t ,  A .C . ,  boom,  
e lec t r i c  shocker  was  used  on  the  la rge r  pond  to  co l l ec t  f i sh .  Th is  
method  was  more  e f f i c ien t  fo r  co l l ec t i ng  bass ,  bu t  no t  as  e f f i c ien t  
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f o r  b lueg i l l s ,  espec ia l l y  a f te r  they  had  l e f t  the  spawn ing  nes ts .  By  
a l l ow ing  amp le  t ime  fo r  the  marked  i nd iv idua ls  to  red is t r i bu te  and  
by  se in ing  as  much  o f  the  pond  as  poss ib le  du r ing  each  co l l ec t i on  
pe r iod ,  i t  was  assumed tha t  random d i s t r i bu t ion  o f  marked  i nd iv idua ls  
was  ach ieved .  
The  second  assumpt ion  tha t  marked  f i sh  a re  as  vu lne rab le  to  
cap tu re  as  unmarked  f i sh  i s  open  to  ques t ion .  I t  m igh t  be  poss ib le  
tha t  some i nd iv idua ls  may  become more  adep t  a t  avo id ing  the  se ine  
than  o the rs  (F red in ,  1950 ,  Buck  and  Tho i t s ,  I 965) .  The  l ess  adep t  
f i sh  wou ld  have  more  l i ke l y  been  cap tu red  fo r  mark ing  and  subsequen t l y  
recap tu red  i n  the  samp le .  Lawrence  (1952)  used  th ree  methods  o f  
cap tu re  i n  a  0 .7 -ac re  fa rm pond  to  de te rm ine  i f  t he  b lueg i l l  es t ima te  
was  b iased  by  us ing  one  t ype  o f  co l l ec t i ng  gear .  He  made  no  es t ima te  
by  po ison ing  o r  d ra in ing  bu t  f e l t  tha t  m ixed  p rocedures  worked  be t te r  
a t  es t ima t ing  la rgemouth  bass  popu la t ions .  Wes te rs  ( I963) ,  s tudy ing  
two  M ich igan  ponds ,  advoca ted  cap tu r ing  f i sh  fo r  mark ing  by  one  
method  and  us ing  ano ther  method  to  ob ta in  recap tu res .  S ince  on ly  a  
se ine  was  used  to  cap tu re  f i sh  fo r  mark ing  and  subsequen t l y  used  t o  
recap tu re  f i sh  fo r  de te rm in ing  the  es t ima te ,  I  canno t  say  w i th  ce r ­
ta in ty  tha t  t h i s  method  was  no t  b iased .  However ,  i f  the  marked  f i sh  
were  more  suscep t ib le  t o  cap tu re  a f te r  the  f i r s t  samp le  they  shou ld  
appear  i n  subsequen t  samp les  more  o f ten  and  the  popu la t ion  es t ima te  
shou ld  be  dec reased  w i th  t ime .  However ,  i n  each  case  excep t  one  
(L ink  pond)  t he  i n i t i a l  es t ima te  was .  l ower  than  the  f i na l  es t ima te .  
Th is  m igh t  i nd ica te  tha t  marked  i nd iv idua ls  were  no t  caugh t  i n  any  
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grea te r  p ropor t i on  than  unmarked  i nd iv idua ls .  
Be fo re  and  a f te r  each  co l l ec t i on ,  the  marg in  o f  the  pond  was  
checked  fo r  dead  i nd iv idua ls  to  de te rm ine  mor ta l i t y  due  to  mark ing ;  
never the less ,  dead  f i sh  migh t  have  sunk  t o  the  bo t tom and  escaped  
no t i ce .  Dead  b lueg i l l s  were  found  on ly  i n  L ink  Pond ;  however ,  bo th  
unmarked  and  marked  f i sh  were  found  i nd ica t ing  tha t  the  mor ta l i t y  
was  no t  due  t o  the  mark ing  p rocedure  bu t  t o  some unknown cause  ac t ing  
on  the  en t i re  popu la t ion .  B lueg i l l s  wh ich  were  no t  i n  good  phys ica l  
cond i t i on  were  no t  marked .  R icke r  (19^9)  demons t ra ted  tha t  f i n  
c l i pp ing  d id  no t  cause  mor ta l i t y  i n  b lueg i l l s .  
S ince  the  popu la t ion  es t ima tes  were  made  i n  a  shor t  pe r iod  
(2 -4  weeks ) ,  i t  i s  doub t fu l  t ha t  f i ns  were  regenera ted  i n  th i s  t ime .  
The  same f i e ld  inves t iga to rs  who  d id  the  mark ing  a l so  checked  fo r  
marks ,  so  i t  i s  improbab le  tha t  marks  were  no t  recogn ized .  
Recru i tmen t  t o  the  popu la t ion  was  avo ided  by  se t t i ng  a  lower  s i ze  
l im i t  o f  2 .5  inches .  Ind iv idua ls  o f  the  immed ia te  age  c lass  cou ld  no t  
a t ta in  th i s  s i ze  du r ing  the  du ra t ion  o f  the  mark ing  and  recap tu re  
pe r  i od .  
Pounds  pe r  ac re  were  ob ta ined  by  we igh ing  each  f i sh  i n  a  samp le  
(one  day ) ,  add ing  the  we igh ts  and  d i v id ing  by  the  number  o f  f i sh  to  
ob ta in  the  average  we igh t .  The  average  we igh t  was  mu l t i p l i ed  by  the  
number  o f  f i sh  per  ac re  to  ge t  pounds  pe r  ac re  (Tab le  3 ) .  
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Tab le  3 -  Average  we igh ts  o f  b lueg i l l s  f rom the  f i ve  s tudy  ponds  
Pond  Spec i  es  Number  Average  
we i  ghed  we igh t  (g rams)  
Sparks  B lueg i l l  155  3 8 . 0 4  
Bass  37  1 2 7 . 9 4  
L ink  B1ueg i  1  1  163  3 0 . 0 2  
Huf facker  B1ueg i1  1  3 3 3  2 5 . 8 1  
Kimber Iey  B lueg i1  1  143  2 1 . 9 7  
Bass  81  2 2 . 9 7  
McLa i  n  B lueg i11  153  2 7 . 6 0  
Green  sun f i sh  181  8.67 
Popu la t ion  es t ima tes  and  to ta l  pounds  pe r  ac re  a re  l i s ted  in  
Tab le  4 .  L ink  and  McLa in  pond  popu la t ions  were  a l so  es t ima ted  i n  1964 .  
L ink  Pond  es t ima te  fo r  b lueg i l l s  i n  1964  was  ^400  b lueg i l l  pe r  ac re .  
McLa in  pond  es t ima tes  fo r  b lueg i l l  and  g reen  sun f i sh  were  4234  -13 .2% 
b lueg i l l s  pe r  ac re  and  644$  -13 .1% g reen  sun f i sh  per  ac re .  I n  bo th  
cases  the  es t ima te  fo r  1964  i s  h igher  than  the  I965  es t ima te .  
Cooper  and  Lag le r  (1956)  cons ide red  a  good  es t ima te  as  one  w i th in  
the  l im i t s  o f  approx imate ly  tS  percen t  o f  the  ac tua l  popu la t ion  s i ze  
and  they  f e l t  t h i s  leve l  o f  accuracy  cou ld  be  ach ieved .  F red in  (1950)  
accep ted  t10  pe rcen t  as  des i rab le ,  bu t  conc luded  tha t  i t  was  imprac t i ca l  
t o  co l l ec t  the  number  o f  samp les  needed  to  a t ta in  th i s  goa l .  Robson  
and  Reg ie r  (1964)  sugges ted  tha t  -10  pe rcen t  l eve l  o f  accuracy  was  the  
min imum tha t  shou ld  be  accep ted  i n  ca re fu l  research  i n to  popu la t ion  
Tab le  4 .  Popu la t ion  es t ima tes  and  pounds  pe r  ac re  fo r  the  f i ve  s tudy  ponds  19^5  
Percen t  Pounds  To ta l  To ta  1  
S i  ze  e r ro r  o f  pe r  pounds  f i sh  
Pond  ac res  Spec i  es  Es t ima te  es t  ima te  ac re  pe r  ac re  pe r  ac re  
Sparks  1 ,10  B lueg i11  2904  4 .7  243  243  3059  
Bass  155  59 .7  b  
L ink  1  .30  B1ueg i11  3042  3.6 201  222 3227 
Bass  185  51 .0  21  
Hu f facker  2.50 Blueg i11  38953  221  221  3972 
Bass  77^  b  
K imber ley  0 .78  B1ueg i11  5932  3 .0  321  321  6613  
Bass  341® b  
McLa i  n  0 .97  B lueg i11  4 l  86  3 .0  254  
Bass  34 ia  b  
Green  sun f i sh  5081 4 .0  129  383  9608  
^Schnabe l  es t ima te .  
bp resen t  bu t  rep resen ta t i ve  we igh ts  were  no t  ob ta ined .  
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dynamics .  Buck  and  Tho i t s  (1965)  found  tha t  on ly  i n  h igh ly  res t r i c ted  
ca tegor ies  d id  they  f i nd  e r ro rs  averag ing  less  than  10  pe r  cen t .  
I n  the  p resen t  s tudy  the  la rges t  pe r  cen t  e r ro r  o f  the  es t ima te  
fo r  b lueg i l l s  was  4 .7  pe r  cen t  us ing  the  Schumacher -Eschmeyer  es t ima te  
(Tab le  4 ) .  The  bass  es t ima tes  were  nowhere  near  t h i s  leve l  o f  accuracy  
and  are  no t  cons ide red  re l i ab le  es t ima tes .  
A l though  the  mathemat i ca l  p rocedures  may  i nd ica te  tha t  the  es t i ­
mates  a re  re l i ab le ,  they  a re  no  be t te r  than  the  samp l ing  p rocedures  
fo l l owed .  I f  the  assumpt ions  were  no t  met  t ha t  were  desc r ibed  p re ­
v ious ly ,  the  samp le  may  no t  be  a  good  es t ima te  o f  the  popu la t ion  p resen t .  
B lueg i l l  s tand ing  c rops  f rom ponds  i n  the  p resen t  s tudy  averaged  
241  pounds  pe r  ac re ,  rang ing  f rom 201  t o  287 .  The  mean  s tand ing  c rop  
i s  g rea te r  than  tha t  repor ted  by  Car lander  and  Moorman (1956) ,  bu t  
w i th in  the  range  repor ted  by  them.  McLa in  Pond ,  wh ich  was  ove rc rowded  
w i th  b lueg i l l s  and  g reen  sun f i sh ,  had  s tand ing  c rops  o f  254  pound  o f  
b lueg i l l  pe r  ac re  and  129  pounds  pe r  ac re  o f  g reen  sun f i sh .  Car lander  
and  Moorman found  tha t  ponds  overc rowded  w i th  b lueg i l l s  usua l l y  had  a  
sma l l  s tand ing  c rop  and  a t t r i bu ted  th i s  to  the  fac t  tha t  b lueg i l l s  i n  
these  ponds  were  usua l l y  be low 3  inches  and  were  no t  i nc luded  i n  the  
es t ima te .  B lueg i l l s  i n  McLa in  Pond  were  s tun ted  and  a l l  were  g rea te r  
than  2 .5  inches  to ta l  l eng th ;  the re fo re ,  a l l  were  i nc luded  i n  the  
es t ima te .  Green  sun f i sh  were  a l so  la rge r  than  2 .5  inches  and  were  i n ­
c luded .  For  t h i s  reason  the  pounds  pe r  ac re  o f  fo rage  f i sh  were  
g rea te r  i n  th i s  pond  than  i n  the  ba lanced  ponds  (Tab le  4 ) .  
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IV .  AGE AND GROWTH 
Genera l  cons ide ra t ions  and  assumpt ions  o f  the  sca le  method  a re  
d iscussed  by  Van  Oos ten  (1929) .  ~Ev idence  fo r  va l i d i t y  fo r  age  de te r ­
m ina t ion  by  the  sca le  method  i n  the  fami l y  Cen t ra rc idae  was  g i ven  
by  Greaser  (1926)  and  o the rs .  
A .  Co l lec t ion  and  Prepara t ion  o f  Sca les  
Age  and  g rowth  de te rm ina t ions  were  made  fo r  638  b lueg i l l s  co l ­
l e c t e d  f r o m  f i v e  s t u d y  p o n d s .  A l l  f i s h  w e r e  c o l l e c t e d  w i t h  a  6 0 - f o o t  
bag  se ine  hav ing  1 /4 - inch  bar -mesh  bag  and  1 /2 - inch  bar -mesh  w ings .  
Severa l  sca les  were  removed  f rom the  r i gh t  s ide  o f  each  f i sh  a t  
a  po in t  ad jacen t  t o  the  pos te r io r  marg in  o f  the  depressed  pec to ra l  
f i n .  Sca le  samp les  were  s to red  i n  co in  enve lopes  upon  wh ich  were  
reco rded  to ta l  l eng th ,  we igh t ,  da te  o f  cap tu re ,  sex ,  and  ma tu r i t y  
s tage .  To ta l  l eng ths  ( t i p  to  snou t  t o  end  o f  cauda l  f i n  w i th  lobes  
o f  cauda l  f i n  pa ra l l e l )  were  measured  to  the  neares t  one- ten th  i nch .  
We igh ts  were  ob ta ined  on  a  500  g ram sp r ing  p la t fo rm ba lance  to  the  
neares t  g ram.  
Impress ions  o f  unc leaned  sca les  were  made  on  c l e a r  p las t i c  s t r i ps  
us ing  a  ro l l e r  p ress  (Smi th ,  1954) .  Impress ions  were  ana lyzed  a t  a  
magn i f i ca t ion  o f  44X,  w i th  a  sca le  p ro jec to r  s im i la r  t o  tha t  desc r ibed  
by  Van  Oos ten ,  Deason ,  and  Jobes  (1934) .  
C r i te r ia  used  fo r  the  i den t i f i ca t ion  o f  annu l i  were :  (1 )  c rowd ing  
o f  c i r cu l i ,  (2 )  c ross ing  over  o f  c i r cu l i  i n  the  la te ra l  f i e ld ,  (3 )  
w ide r  spac ing  o f  c i r cu l i  d i s ta l  t o  a  suspec ted  annu l  us ,  and  (4 )  e ros ion  
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o f  c tenn i  i n  the  pos te r io r  f i e ld  w i th  more  d i s t i nc t  c tenn i  d i s ta l  t o  
the  annu lus .  Cross ing  over  o f  c i r cu l i  i n  the  l a te ra l  f i e ld  and  e ros ion  
o f  c tenn i  were  the  mos t  cons is ten t  fea tu res .  
The  pos i t i ons  o f  the  focus ,  annu l i ,  and  an te r io r  marg in  o f  the  
sca le  were  marked  on  paper  tab  s t r i ps ,  wh ich  were  used  on  a  nomograph  
as  desc r ibed  by  Car lander  and  Smi th  (1944) .  Each  sca le  was  read  a t  
l eas t  tw ice  w i thou t  know ing  the  leng th  o f  the  f i sh  o r  un t i l  ag reement  
as  to  the  pos i t i on  o f  the  annu l i  was  reached ,  
B .  Body-Sca le  Re la t ionsh ip  
To  de r i ve  the  body-sca le  re la t i onsh ip ,  i t  was  assumed i t  cou ld  be  
adequa te ly  rep resen ted  by  a  s t ra igh t  l i ne  (R icke r ,  1942a ,  Lew is ,  1950) .  
Spruge l  (1954)  found  tha t  a  cu rv i l i nea r  reg ress ion  l i ne  f i t  h i s  da ta  
be t te r  than  a  l i nea r  reg ress ion  l i ne ;  however ,  ca l cu la t i ons  based  on  
l i nea r  reg ress ion  appeared  to  be  sa t i s fac to ry  fo r  desc r ib ing  the  g rowth  
h i s to ry  o f  McFar land  Pond  b lueg i l l s .  
The  l i nea r  d i s tance  be tween  the  focus  and  the  an te r io r  sca le  rad ius  
was  measured  f rom tab  s t r i ps  and  was  reco rded  as  the  an te r io r  sca le  
rad ius .  A  l i nea r  reg ress ion  l i ne  was  f i t t ed  to  these  da ta  by  the  l eas t  
squares  method .  The  genera l  fo rmu la  fo r  the  reg ress ion  l i ne  was :  
L  =  a  +  bS 
where  L  =  body  l eng th  ( to ta l  l eng th )  
S =  an te r io r  rad ius  o f  sca le  inches  (X44)  
a  =  i n te rcep t  on  the  body  l eng th  ax i s  
b  =  s lope  o f  the  l i ne ,  a  cons tan t  
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The  ma themat i ca l  exp ress ions  f o r  each  pond  a re  as  f o l l ows :  
Spa rks ,  L  =  0 .66  +  1 .1096  S ;  L i nk ,  L  =  0 .65  +  1 .4235  S ;  Hu f facke r ,  
L  =  0 .42  +  1 .0956  S :  K imber ley ,  L  =  1 .00  +  0 .9513  S ;  and  McLa in ,  
L  =  1 .9  +  0 .7292  S .  
The  i n te rcep t  on  t he  body  l eng th  ax i s  seems  t o  be  ove res t ima ted  
f o r  t he  McLa in  Pond  da ta .  Da ta  f o r  t h i s  pond  were  concen t ra ted  on  
one  pa r t  o f  t he  cu rve  (4 .3  t o  5 .3  i nches ) .  Reg ie r  ( I 962 )  f ound  t ha t  
body  sca le  re la t i onsh ips  based  on  l i t t l e  da ta ,  o r  da ta  poo r l y  d i s t r i ­
bu ted  ove r  t he  range  o f  t o ta l  l eng ths ,  gave  va r i ab le  i n te rcep ts  and  
s l opes .  S ince  no  da ta  were  ava i l ab le  f o r  f i sh  l ess  than  4 .3  i nches  
t o ta l  l eng th ,  i t  i s  poss ib le  t ha t  t he  "a "  i n te rcep t  was  no t  desc r i bed  
accu ra te l y .  B lueg i l l  l eng ths  cove r i ng  a  w ide r  range  were  ava i l ab le  
f rom the  o the r  s tudy  ponds ;  t he re fo re ,  t he  "a "  i n te rcep t  i s  p robab l y  
desc r i bed  more  accu ra te l y  f o r  t hese  ponds .  
Reg ie r  (1962 )  ca l cu la ted  t he  body -sca le  re la t i onsh ip  f o r  24  
New Yo rk  f a rm  ponds .  He  e l im ina ted  seven  o f  t hese  re la t i onsh ips  
because  o f  few  o r  poo r l y  d i s t r i bu ted  da ta .  An  F - tes t  i nd i ca ted  the re  
were  g rea te r  d i f f e rences  i n  i n te rcep ts  t han  wou ld  be  expec ted  by  chance ;  
howeve r ,  he  f e l t  t he  p rac t i ca l  s i gn i f i cance  o f  t hese  d i f f e rences  was  
neg l i g i b l e  and  he  used  t he  mean  i n te rcep t  f o r  h i s  ca l cu la t i ons .  
A l l  g row th  ca l cu la t i ons  i n  fu tu re  d i scuss ions  w i l l  be  based  on  a  
mean  "a "  i n te rcep t  o f  0 .7  i nches .  
C .  G row th  Ana l ys i s  o f  B lueg i l l s  
Da ta  f r om a l l  co l l ec t i ons  made  i n  I965  f rom the  f i ve  s tudy  ponds  
we re  used  f o r  t he  ca l cu la t i on  o f  ave rage  g row th .  These  da ta  a re  
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summar i zed  i n  Tab les  5 ,  6 ,  1 ,  8 ,  and  9 .  P rob lems  encoun te red  i n  
ag ing  f i sh  i n  each  pond  w i l l  be  d i scussed  sepa ra te l y  f o l l owed  by  a  
summary  and  compar i son  o f  g row th  ra tes  w i t h  o the r  Iowa  l akes  and  
ponds .  
McLa in  Pond  -  Th i s  pond  con ta ined  bass ,  b l ueg i l l s ,  and  g reen  
sun f i sh ,  bu t  sca les  were  co l l ec ted  on l y  f r om b lueg i l l s .  A l l  f i sh  
were  s tun ted  w i t h  t he  excep t i on  o f  a  f ew  l a rge  bass .  No  r ep roduc t i on  
was  no ted  i n  1964  and  1965 .  
No  one  and  two -yea r -o ld  f i sh  were  co l l ec ted .  Th i s  may  have  been  
due  t o  l ack  o f  rep roduc t i on  i n  these  yea rs  o r  se lec t i on  f o r  l a rge r  
f i sh  fo r  b lood  ana l ys i s .  Mean  ca l cu la ted  t o ta l  l eng ths  f o r  annu l i  
1 -5  a re  as  f o l l ows :  1 .5 ,  2 .9 ,  3 .8 ,  4 .4 ,  and  4 ,7  i nches  (Tab le  5 ) .  
Annu l i  occu r red  nea r  t he  edge  o f  t he  sca le  i n  the  ma jo r i t y  o f  
i n d i v i d u a l s  c o l l e c t e d  i n  A u g u s t .  T h i s  m i g h t  i n d i c a t e  t h a t  a  f a l s e  
annu lus  was  be ing  fo rmed ;  howeve r ,  when  t he  g row th  s i nce  t he  l as t  
annu lus  was  p l o t t ed  f o r  ma tu re  and  immatu re  f i sh  (F igu re  1 ) ,  t he  
immatu re  f i sh  exh ib i t ed  g rea te r  g row th  f r om the  annu lus  t o  t he  sca le  
marg in  t han  t he  ma tu re  f i sh  i nd i ca t i ng  tha t  an  annu lus  m igh t  have  
been  fo rmed  ea r l i e r  i n  the  immatu re  f i sh  and  no t  f o rmed  un t i l  l a te  
Ju l y  o r  ea r l y  Augus t  i n  ma tu re  f i sh .  
Benne t t  ( 1962 )  l i s t ed  fac to rs  t ha t  mus t  be  cons ide red  when  com­
pa r i ng  g row th  ra tes  o f  f i shes :  (1 )  gene t i c  po ten t i a l  o f  a  g i ven  
spec ies ,  ( 2 )  a  l a rge  ava i l ab le  food  supp l y  pe r  i nd i v i dua l  f i sh ,  and  
(3 )  l eng th  o f  t he  g row ing  season .  He  s ta ted  fu r the r  t ha t  i n  o rde r  t o  
p roduce  f i sh  above  ave rage  s i ze ,  a  l a rge  sou rce  o f  ava i l ab le  food  pe r  
F igu re  1 ,  F requency  g roup ing  o f  g row th  s i nce  t he  l as t  annu lus  i n  ma tu re  and  immatu re  
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i nd i v i dua l  f i sh  seems  t o  be  more  impor tan t  t han  the  l eng th  o f  t he  
g row ing  season .  S ince  g row th  ra tes  i n  McLa in  Pond  we re  s l ow ,  t he  
ca r r y i ng  capac i t y  o f  t he  pond  was  p robab l y  exceeded  resu l t i ng  i n  
l i t t l e  food  f o r  g row th .  When  l i t t l e  food  i s  ava i l ab le  and  some o r  
a l l  o f  t h i s  food  i s  channe led  i n to  gonad  p roduc t i on ,  i t  i s  doub t fu l  
t ha t  much  g row th  cou ld  t ake  p lace  un t i l  a f t e r  spawn ing  i n  ma tu re  f i sh ,  
thus  caus ing  a  de lay  i n  annu l  us  f o rma t i on .  
K imber ley  Pond  -  Th i s  pond  con ta ined  bass  and  b l ueg i l l s .  Bo th  
had  rep roduced  success fu l l y  i n  1965 .  Mean  ca l cu la ted  t o ta l  l eng ths  
f o r  annu l i  1 -4  a re  as  f o l l ows ;  1 .8 ,  3 -1^  4 .7 ,  and  6 .2  i nches  (Tab le  
6 ) .  The  ca l cu la ted  l eng ths  f o r  annu l  i  1 and  2  a re  comparab le  t o  
McLa in  Pond ;  howeve r ,  t he  mean  annua l  i nc remen ts  i nc reased  f rom the  
second  t o  f ou r th  annu l  us .  Th i s  pond  was  ro tenoned  a long  the  edges  
i n  the  f a l l  o f  I 963 .  The  owner  s ta ted  tha t  t housands  o f  sma l l  b l ue -
g i l l s  were  k i l l ed .  The  ca l cu la ted  t o ta l  l eng ths  i n  K imber ley  Pond  d i d  
no t  i nc rease  a f t e r  t rea tmen t  (Tab le  6 ) .  These  resu l t s  a re  un l i ke  those  
o f  Beckman  ( I 94 l ) ,  who  repo r ted  t ha t  rock  bass  (Amb lop l i t es  rupes t r i s )  
showed  i nc reased  g row th  a f t e r  remova l  o f  app rox ima te l y  50% o f  t he  popu ­
l a t i on .  Howeve r ,  f r om the  owner ' s  desc r i p t i on ,  i t  was  imposs ib le  t o  
es t ima te  t he  pe rcen tage  o f  f i sh  removed  f r om K imber ley  Pond .  
Spa rks  Pond  -  Th i s  pond  was  ba lanced  and  con ta ined  on l y  bass  and  
b l ueg i l l s .  Mean  ca l cu la ted  t o ta l  l eng ths  f o r  annu l  i  1-4  a re  as  f o l l ows :  
1 .9 ,  3 -8 ,  5 .0 ,  and  6 .0  i nches  (Tab le  7 ) .  
The  ave rage  ca l cu la ted  t o ta l  l eng ths  i n  t h i s  pond  a re  s im i l a r  t o  
those  i n  Hu f facke r  and  L ink  Ponds  (Tab les  10 ,  11 ) ,  wh i ch  have  s l i gh t l y  
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Tab le  5 .  Ca l cu la ted  and  measu red  t o ta l  l eng ths  o f  117  b l ueg i l l s  
f r om McLa in  Pond ,  S to ry  Coun ty ,  I owa ,  19^5  
Yea r  Number  Ave rage  ca l cu la ted  l eng th  i n  inches  Leng th  a t  
C lass  o f  f i sh  a t  annu l  us  cap tu re  
1  2  3  4  5  
1962  10  2 .  1  3 .4  4 .2  4 .5  
1961  90  1 .5  2 .8  3 .9  4 .5  4 .8  
i 960  17  1 .3  2 .7  3 .7  4 .3  4 .7  5 .0  
Mean  we igh ted  
t o ta l  l eng th ,  
i nches  
1 .5  2 .9  3 .8  4 .4  4 .7  
Mean  annua l  
i nc remen ts  1 .5  1 .4  0 .9  0 .6  0 .3  
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Tab le  6 .  Ca l cu la ted  and  measu red  t o ta l  l eng ths  o f  121  b l ueg i l l s  
f r om K imber ley  Pond ,  S to ry  Coun ty ,  l owa ,  1965  
Yea r  Number  Ave rage  ca l cu la ted  l eng th  i n  Leng th  a t  
C lass  o f  f i sh  inches  a t  annu l  us  cap tu re  
1  2  3  4  
1963  86  1  . 8  3 .0  4 . 5  
1 9 6 2  1 7  2 .0  3 .2  4 . 6  5 . 4  
1961  1 8  1 . 8  3 .2  4 . 7  6 , 2  6 .8  
Mean  we igh ted  
t o ta l  l eng th ,  
1nches  
1 . 8  3 .1  4 . 7  6 . 2  
Mean  annua l  
i nc remen ts  1 . 8  1 .3  1 . 4  1 . 5  
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Tab le  7 .  Ca l cu la ted  and  measu red  t o ta l  l eng ths  o f  163  b l ueg i l l s  
f r om Sparks  Pond ,  Po l k  Coun ty ,  I owa ,  Î 965  
Yea r  Number  Ave rage  ca l cu la ted  l eng th  i n  inches  Leng th  a t  
C lass  o f  f i sh  a t  annu l  us  cap tu re  
1 2 3 4  5  
1963  38  2 .1  4 .3  5 .2  
1962  113  1 .8  3 .7  5 .0  5 .5  
1961  12  2 .0  3 .8  5 .0  6 .0  6 .4  
Mean  we igh ted  
t o ta l  l eng th ,  1 .9  3 .8  5 .0  6 ,0  
i  nches  
Mean  annua l  
i nc remen ts  I . 9  1 .9  1 .4  0 .9  
F igu re  2 .  Leng th  f r equency  g roup ing  o f  1962  yea r  c l ass  b lueg i l l s  i n  Sparks  Pond ,  1965  
œ 
^  10  
IL  
IxJ 
5.0 6.5 7.0 4.5 5.5 6.0 
TOTAL LENGTH IN INCHES 
h ighe r  popu la t i on  es t ima tes .  Howeve r ,  g row th  da ta  f o r  t he  1962  yea r  
c l ass  were  i ncons i s ten t .  The  t o ta l  l eng ths  o f  t he  f i sh  i n  th i s  yea r  
c l ass  va r i ed  f rom 4 .6  t o  7 .0  i nches .  A  l eng th  f requency  g roup ing  was  
p l o t t ed  and  i nd i ca ted  tha t  two  sepa ra te  g roups  m igh t  be  p resen t  
(F igu re  2 ) .  The  sca les  f r om i nd i v i dua l s  th roughou t  t he  range  con ta ined  
t h ree  annu l  i .  The  annu l  i  are  d i s t i nc t  and  f i t  t he  c r i t e r i a  f o r  t r ue  
annu l i  ( Lag le r ,  1952 ,  Sp ruge l ,  1950 ,  Reg ie r ,  1962 ) .  Seve ra l  poss ib i l i ­
t i es  ex i s t  f o r  t h i s  d i f f e rence  i n  l eng th  w i t h i n  t h i s  yea r  c i  ass :  ( 1 )  
d i f f e ren t i a l  l eng th  due  t o  sex ,  ( 2 )  a  f a l se  annu lus  was  accep ted  as  
a  t r ue  annu lus  i n  the  sma l l e r  s i ze  g roup ,  ( 3 )  t he  l a rge r  f i sh  fa i l ed  
t o  fo rm an  annu lus  o r  t he  annu lus  was  no t  r ecogn i zed ,  and  (4 )  d i f f e r ­
en t i a l  l eng th  due  t o  i n te rm i t t en t  spawn ing .  
F i sh  were  g rouped  as  t o  sex  (Tab le  8 ) .  I nspec t i on  o f  t he  da ta  
sugges ts  t ha t  ma les  o f  t he  1962  yea r  c l ass  were  f as te r  g row ing  t han  
fema les .  Th i s  d i f f e rence  may  have  been  due  t o  se lec t i ve  samp l i ng  o f  
ma les  wh i ch  were  gua rd ing  t he i r  nes ts  du r i ng  t he  spawn ing  season  w i t h  
t he  sma l l e r  ma les  o f  t he  yea r  c l ass  no t  nes t i ng  as  ye t .  A  S tuden t ' s  
" t "  t es t  was  run  on  each  annu lus  o f  t he  1962  age  c l ass  t o  de te rm ine  i f  
the re  were  s ta t i s t i ca l  d i f f e rences  (Snedeco r ,  1956 ) .  D i f f e rences  were  
s i gn i f i can t  a t  . 05  l eve l  f o r  annu l i  1 ,  3»  and  t o ta l  l eng th  (Tab le  8 ) .  
I n  o rde r  t o  de te rm ine  i f  sexua l  d i f f e rences  ex i s ted  w i t h i n  the  modes  
(F igu re  2 ) ,  b l ueg i l l s  were  d i v i ded  i n to  2  g roups  (4 .5 -5 .8  and  5 .8 -7 .0  
i nches ) .  D i f f e rences  i n  ca l cu la ted  t o ta l  l eng th  were  s i gn i f i can t  a t  
t he  0 .05  l eve l  f o r  a l l  annu l i  and  t o ta l  l eng ths  a t  cap tu re  w i t h i n  t he  
sma l l  g roup .  A  s i gn i f i can t  d i f f e rence  ex i s ted  a t  annu l i  3  i n  the  
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l a rge r  g roup  (Tab le  9 ) .  
Tab le  8 .  Ave rage  ca l cu la ted  l eng ths  i n  i nches  f o r  ma le  and  f ema le  
b l ueg i l l s  f r om Sparks  Pond ,  1965  
Yea r  Sex  Number  Ave rage  ca l cu la ted  l eng th  Leng th  a t  
C lass  o f  f i sh  i n  inches  a t  annu l  us  cap tu re  
1  2  3  4  
1963  M 6  2 ,0  4 .1  5 .3  
F 28  2 .2  4 .3  5 .2  
1962  M 38  2 .1 *  3 .5  5 .5*  5 .9*  
F 46  1 .7  3 .5  4 .8  5 .4  
1961  M 5  1 .9  3 .7  5 .0  5 .8  6 .2  
F  3  2 .2  4 .1  5 .2  6 .4  6 .8  
' • 'S ign i f i can t  a t  . 05 .  
Tab le  9 .  Ave rage  ca l cu la ted  l eng ths  f o r  ma le  and  fema le  b l ueg i l l s  
o f  t he  1962  yea r  c l ass  i n  Sparks  Pond  g rouped  acco rd ing  
t o  s i ze  c lasses ,  19^5  
Group  Sex  Number  
o f  f i sh  
Ave rage  ca l cu la ted  l eng th  
i n  inches  a t  annu l  us  
1  2  3  
Leng th  a t  
cap tu re  
4 .5-5 .7  M 17  2 .  0 *  3 .9*  5 .1 *  5 .6*  
F 35  1 .6  3 .2  4 .4  5 .1  
5 . 8 - 7 . 0  M 21  2 .2  4 .4  5 .7  6 .2  
F 11  2 .  1  4 .3  6 .1  *  6 .4  
"S ign i f i can t  a t  . 05 .  
F igu re  3 .  Leng th  f r equency  g roup ing  o f  ca l cu la ted  t o ta l  l eng th  f o r  each  annu l  us  o f  t he  
1962  yea r  c l ass  f rom Sparks  Pond ,  1965  
I 
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Ano the r  poss ib i l i t y  i s  tha t  a  f a l se  annu lus  cou ld  have  been  m is ­
taken  as  a  t r ue  annu l  us ;  howeve r ,  a l l  annu l i  f i t  the  c r i t e r i a  fo r  
t r ue  annu l i .  W i th  t he  ava i l ab le  da ta  and  w i t hou t  t he  bene f i t  o f  
known  age  i nd i v i dua l s ,  i t  was  imposs ib le  t o  s ta te  tha t  any  one  o f  
t hese  annu l i  we re  f a l se .  
P ro f i t t  (1950 )  s ta ted  tha t  sma l l  b l ueg i l l s  measu r i ng  1 .0  t o  1 .5  
i nches  a t  t he  t ime  o f  annu lus  f o rma t i on  m igh t  m iss  t he i r  f i r s t  annu lus .  
Reg ie r  (1962 )  f ound  i ncons i s tenc ies  i n  h i s  back -ca l cu la t i ons  o f  
g row th  and  a t t r i bu ted  the  i ncons i s tenc ies  t o  m iss ing  t he  f i r s t  annu l i .  
Bu r ress  (19^9 )  f ound  annu l i  i nd i s t i nc t  o r  absen t  i n  sma l l  b l ueg i l l s .  
I n  t h i s  s tudy ,  t h i r t y - f ou r  o f  t he  l a rge r  b l ueg i l l s  5 -7  i nches  o r  above  
were  g rouped .  The  ave rage  l eng th  a t  annu lus  1  was  2 .2  i nches ,  rang ing  
f rom 1 .3  t o  3 .2  i nches .  I t  i s  un l i ke l y  t ha t  an  annu lus  wou ld  be  p res ­
en t  be tween  t he  focus  and  2 .2  i nches .  I f  so ,  t he  g row th  r a te  wou ld  
be  ex t reme ly  s l ow  be tween  t he  f i r s t  and  second  yea r .  
The  f ou r th  poss ib i l i t y  o f  d i f f e ren t i a l  g row th  due  t o  i n te rm i t t en t  
spawn ing  seems  t o  be  t he  bes t  exp lana t i on  o f  s i ze  d i f f e rences  i n  
samp les  f r om Sparks  Pond .  The  l a rge r  i nd i v i dua l s  o f  t he  yea r  c l ass  
may  have  been  ha tched  ea r l i e r  i n  the  summer  t han  t he  sma l l e r  i nd i v i d ­
ua l s .  By  t he  s ta r t  o f  t he  second  g row ing  season  t hese  f i sh  were  
l a rge r  and  ab le  t o  compe te  more  e f f i c i en t l y  f o r  f ood  and  ma in ta in  
t he i r  supe r i o r i t y .  The  ave rage  ca l cu la ted  t o ta l  l eng th  f o r  f i sh  above  
5 .8  i nches  a t  t he  f i r s t  annu lus  was  2 .2  i nches  and  I . 7  inches  t o ta l  
l eng th  f o r  f i sh  be low  5 .8  i nches  i n  the  age  c l ass .  Sp ruge l  ( 1950 )  
a l so  no ted  s i zeab le  va r i a t i ons  i n  g row th  among  i nd i v i dua l  spec imens  
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o f  a  yea r  c l ass .  Sp ruge l  t r apped  b lueg i l l s  t o  l ea rn  more  abou t  t he i r  
movemen t  and  found  t ha t  spec imens  t aken  i n  an  i nd i v i dua l  t r ap  a t  a  
spec i f i c  t ime  and  p lace  were  somewha t  un i f o rm  i n  s i ze .  Th i s  p lus  t he  
va r i a t i on  i n  ave rage  g row th  a t t a i ned  by  members  o f  t he  same yea r  
c l ass  i n  samp les  t aken  a t  p rog ress i ve l y  l a te r  da tes  sugges ted  t ha t  
poss ib l y  each  i nd i v i dua l  schoo l  o f  b l ueg i l l s  cons i s ted  o f  t he  same 
yea r  c l ass  i nd i v i dua l s  possess ing  s im i l a r  g row th  ra tes .  He  s ta ted  
t ha t  samp l i ng  d i f f e ren t  schoo l s  w i t h  d i f f e ren t  g row th  ra tes  cou ld  
have  accoun ted  f o r  some o f  t he  va r i a t i on  i n  h i s  da ta .  Th i s  samp l i ng  
o f  d i f f e ren t  schoo l s  m igh t  have  accoun ted  f o r  some o f  t he  va r i a t i on  
i n  Sparks  Pond ,  s i nce  the  ma jo r i t y  o f  t he  sma l l e r  f i sh  were  no t  
cap tu red  un t i l  Augus t  and  Oc tobe r .  
The  ca l cu la ted  t o ta l  l eng ths  f o r  each  annu lus  o f  t he  1962  yea r  
c l ass  were  p l o t t ed  i n  f requency  g roup ings  (F igu re  3 ) .  The  f r equency  
g roup ings  f o r  each  annu lus  d i d  no t  show t he  d i s t i nc t  b imoda l  r e l a t i on ­
sh ip  as  t o ta l  l eng th ;  annu lus  1  was  more  b imoda l .  Th i s  m igh t  i nd i ca te  
t ha t  t he  g row th  was  va r i ab le  w i t h i n  t h i s  yea r  c l ass  and  f i sh  a t  bo th  
ex t remes  were  ac tua l l y  f i sh  o f  t he  same yea r  c l ass  ra the r  t han  two  
d i s t i nc t  g roups .  
Hu f facke r  Pond  -  Th i s  pond  was  ba lanced  and  con ta ined  bo th  bass  
and  b l ueg i l l s .  Mean  t o ta l  l eng ths  f o r  annu l i  1 -5  a re  as  f o l l ows :  
2 .4 ,  3 .9 ,  5 .1 ,  6 .0 ,  and  6 .6  i nches  (Tab le  10 ) .  
L i nk  Pond  -  Th i s  pond  was  ba lanced  and  con ta ined  bass ,  b l ueg i l l s ,  
and  b lack  bu l l heads .  The  bu l l heads  d id  no t  appea r  t o  be  numerous ,  f o r  
on l y  a  few  spec imens  we re  co l l ec ted ;  howeve r ,  se in ing  may  no t  be  a  good  
ko 
method  f o r  t he i r  cap tu re .  Mean  t o ta l  l eng ths  f o r  b l ueg i l l s  f o r  
annu l i  1 -5  a re  as  f o l l ows :  2 .3 ,  3 . 8 ,  4 .8 ,  and  5 .9  i nches  (Tab le  11 ) .  
D .  D i scuss ion  
Growth  summar ies  f o r  t he  f i ve  s tudy  ponds ,  p l us  g row th  summar ies  
f o r  o the r  Iowa  l akes  and  ponds  a re  l i s t ed  i n  Tab le  12 .  Spa rks ,  
Hu f facke r ,  and  K imber ley  pond  g row th  ra tes  were  t he  bes t  o f  t he  ponds  
s tud ied ,  f o l l owed  c lose l y  by  L ink  Pond .  These  g row th  ra tes  compare  
f avo rab l y  w i t h  g row th  ra tes  found  by  Moorman  (1953  )  i n  unba lanced  
ponds ,  Ruh r  ( 1952 ) ,  Hennemuth  (1955 ) ,  and  D iCos tanzo  (1954 )  and  a re  
s lower  t han  g row th  ra tes  repo r ted  by  Lew is  (1950 )  and  Moorman  (1953 )  
i n  ba lanced  ponds .  
McLa in  Pond  b l ueg i l l s  exh ib i t ed  the  s lowes t  g row th  ra tes  o f  any  
o f  t he  ponds  s tud ied .  Th i s  pond  was  j udged  unba lanced .  No  bass  o r  
b l ueg i l l  r ep roduc t i on  was  no ted  i n  1964  and  1965 .  R i cke r  (1942a )  
r epo r ted  b lueg i l l  g row th  ra tes  f rom Bass  Lake ,  S ta rke  Coun ty ,  I nd iana ,  
wh i ch  were  s im i l a r  t o  McLa in  Pond .  The  es t ima ted  t o ta l  l eng th  f o r  
1934  f o r  annu l i  1 -6  were  as  f o l l ows :  1 .4 ,  2 .2 ,  3 .0 ,  3 .7 ,  4 .7 ,  and  5 .1  
i nches .  R i cke r  (1942b )  f ound  excep t i ona l l y  s l ow  g row th  f o r  Sp r i ngwoood  
Lake  b l ueg i l l s .  The  ave rage  l eng th  a f t e r  5  g row ing  seasons  was  on l y  
3 .6  i nches ,  i nd i ca t i ng  ve ry  s tun ted  g row th .  A l t hough  McLa in  Pond  
b l ueg i l l  g row th  ra tes  were  g rea te r  t han  those  repo r ted  f rom Spr ingwood  
Lake ,  t hey  were  be low  those  i n  the  ba lanced  popu la t i on  ponds .  
I n  o rde r  t o  compare  t he  g row th  o f  b l ueg i l l s  i n  ponds  w i t h i n  the  
yea r  f i sh  were  co l l ec ted ,  t he  g row th  i nc remen ts  we re  p l o t t ed  fo r  
4 l  
1965  (F igu re  4 ) .  The  r e l a t i ve  rank ing  o f  ponds  was  no t  i den t i ca l  
us ing  t h i s  me thod  t o  the  ove ra l l  ave rage  g row th  ra tes  o r  t o  s tand ing  
c rops .  K imber ley  Pond  b l ueg i l l s  exh ib i t ed  much  f as te r  g row th ;  
howeve r ,  t he  bu l k  o f  b l ueg i l l s  co l l ec ted  f rom th i s  pond  were  younge r  
( 2  yea rs )  whe reas  t he  bu l k  o f  t he  b lueg i l l s  co l l ec ted  f rom the  o the r  
ponds  were  3 -5  yea rs -o ld .  
Tab le  10 .  Ca l cu la ted  and  measu red  t o ta l  l eng ths  o f  123  b l ueg i l l s  
f r om Hu f facke r  Pond ,  Po l k  Coun ty ,  I owa ,  19^5  
Yea r  Number  Ave rage  ca l cu la ted  l eng th  i n  i nches  Leng th  a t  
C lass  o f  f i sh  a t  annu lus  cap tu re  
1  2  3  4  5  
1963 32 2 .5  4 .1  5 .1  
1962  51  2 .4  3 .9  5 .1  5 .7  
1961  37  2 .3  3 .7  5 .1  6.0 6 .5  
i960 3 1 .7  3 .3  4 .7  5 .8  6.6 7 .2  
Mean  we igh ted  
t o ta l  l eng th ,  
i  nches  
2 .4  3 .9  5 .1  6 .0  6 .6  
Mean  annua ]  
i nc remen ts  2 .4  1 .5  1 .2  0 .9  0.6 
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Tab le  11 .  Ca l cu la ted  and  measu red  t o ta l  l eng ths  o f  l l 4  b lueg i l l s  
f rom L ink  Pond ,  Po l k  Coun ty ,  I owa ,  1965  
Yea r  Number  
C lass  o f  f i sh  
Ave rage  ca l cu la ted  l eng th  i n  
a t  annu l  us  
i nches  Leng th  a t  
cap tu re  
1  2  3  4  5  
1 9 6 4  1  2 . 3  4 . 4  
3 3  1 . 7  3 . 7  5 . 0  
1962 76 2 . 4  3 . 9  4 . 9  5 . 5  
1 9 6 1  23  2 . 4  3 . 7  4 . 7  5 . 5  5 . 9  
i 960  1  1 . 6  2 . 9  3 . 8  5 . 1  5 . 9  6 . 4  
Mean  we igh ted  
t o ta l  l eng th ,  
i nches  
2 .3  3 . 8  4 , 8  5 . 5  5 . 9  
Mean  annua l  
i nc remen ts  2 . 3  1 . 5  1 . 0  0 .8  0 . 8  
F igu re  4 .  Growth  i nc remen ts  i n  196$  f o r  b l ueg i l l s  f r om K imber ley ,  Hu f facke r ,  L i nk ,  
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F igu re  5 .  E lec t rophe rog ram i l l us t ra t i ng  the  me thod  o f  sepa ra t i on  
o f  p ro te in  f r ac t i ons  
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Tab le  12 .  Ave rage  g row th  o f  b l ueg i l l s  f r om Iowa  l akes  and  ponds  
Number  Ca l cu la ted  t o ta l  l eng th  i n  
Loca l i t y  o f  i nches  a t  each  annu lus  Au tho r i t y  
f i sh  1  2  3  4  5  
Spa rks  1 .9  3 .8  5 .0  6 .0  P resen t  S tudy  
Hu f facke r  123  2 .4  3 .9  5 .1  6 .0  6 .6  M  1 1  
L i  nk  114  2 .3  3 .8  4 .8  5 .5  5 .9  I I  U  
Kimber1ey  121  1 .8  3 .1  4 .7  6 .2  I I  I I  
McLa i  n  117  1 .5  2 .9  3 .8  4 .4  4 .7  I I  1 1  
Sou the rn  Iowa  
ba lanced  ponds  374  1 .7  4 .1  6 .1  7 .0  Moorman ,  1953  
Sou the rn  I owa  
unba lanced  ponds  153  1 .2  3 .0  5 .0  5 .8  M  1 1  





1 .4  3 .2  4 .2  6 .4  Ruhr ,  1952  
Red  Haw Lake  133  1 .4  3 .4  6 .1  7 .2  8 .1  Lew is ,  1950  
Eas t  Lake  145  1 .7  3 .6  5 .6  7 .0  7 .5  I I  1 1  
Lake  Aquab i  1139  1 .9  3 .7  4 .7  5 .6  6 .3  Hennemuth ,  1955  
C lea r  Lake  1215  2 .4  4 .2  5 .6  6 .2  
00 
D iCos tanzo ,  1954  
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V.  BLOOD ANALYSIS  
A .  Ma te r i a l s  and  Me thods  
1  .  F ie ld  me t  hods  
F i sh  were  co l l ec ted  w i t h  se ines  and  p laced  i n  wa te r - f i l l ed  wash  
t u t s .  B lood  samp les  we re  t aken  w i t h i n  45  m inu tes  a f t e r  cap tu re .  I f  
f i sh  showed  s i gns  o f  d i s t ress  (gu lp ing  f o r  a i r ,  ra i sed  sca les ) ,  t hey  
were  no t  used  bu t  an  add i t i ona l  se ine  hau l  was  made  t o  co l l ec t  t he  
des i red  number  o f  samp les .  B lood  samp les  we re  co l l ec ted ,  f r om b lue -
g i l l s ,  i n  the  s tudy  ponds  i n  June ,  Ju l y ,  Augus t ,  and  Oc tobe r ,  19&5 .  
B lood  was  d rawn  f rom the  cuva r i an  duc t  (Sano ,  I 96O)  us ing  a  1  cc .  
Tube rcu l i n  sy r i nge  w i t h  a  1 - i nch  21 -gauge  need le .  Samp l i ng  by  hea r t  
punc tu re  was  a t t emp ted  bu t  p roved  t oo  t ime-consuming  s ince  t he  hea r t  
i s  sma l l  and  d i f f i cu l t  t o  punc tu re  on  each  t r y .  The  cuva r i an  duc t  
samp le  me thod  a l l ows  f o r  l ess  e r ro r  and  con tam ina t i on  s i nce  t he  need le  
can  be  p laced  i n  p rope r  pos i t i on  by  s i gh t .  Th i s  me thod  has  two  o the r  
advan tages ;  ( l )  f i sh  can  be  samp led  repea ted l y  w i t hou t  appa ren t  i l l  
e f f ec t  and  (2 )  when  b lood  canno t  be  t aken  f rom one  s i de ,  i t  i s  o f t en  
poss ib le  t o  ob ta in  a  samp le  f r om the  oppos i t e  s i de .  
Fou r - t en ths  t o  1  cc .  o f  b lood  cou ld  be  d rawn  f rom each  f i sh  de ­
pend ing  upon  i t s  s i ze .  The  b lood  samp le  was  e j ec ted  s low ly  f r om the  
sy r i nge  i n to  75  x  12  mm.  se ro logy  tubes .  C lo t t i ng  was  rap id  and  
usua l l y  comp le te  w i t h i n  10  t o  15  m inu tes .  On ly  non -hemo lyzed  samp les  
t ha t  we re  wh i t e  o r  pa le  s t raw  co lo r  we re  accep ted .  I n  some i ns tances  
i t  was  no t  poss ib le  t o  ob ta in  t he  des i red  number  o f  b lood  samp les  
due  t o  hemo lys i s .  Se rum was  removed  f rom the  se ro logy  tubes  w i t h  a  
sma l l  p i pe t t e  and  t r ans fe r red  t o  v i a l s  wh ich  were  t hen  p laced  i n  an  
i ce  coo le r .  Se rum samp les  we re  t r ans fe r red  t o  the  l abo ra to ry  where  
t hey  were  f r ozen  a t  -20°  C .  un t i l  ana l yzed .  _  
2 .  Trea tmen t  o f  equ ipmen t  
A l l  g lassware  t ha t  came i n  con tac t  w i t h  se rum samp les  was  washed  
i n  A lconox  de te rgen t ,  r i nsed  i n  tap  wa te r ,  rewashed  i n  de te rgen t ,  
r i nsed  i n  tap  wa te r ,  and  r i nsed  th ree  t imes  i n  d i s t i l l ed  wa te r .  The  
samp le  app l i ca to r  was  d ipped  i n  bu f fe r  and  w iped  d ry  a f t e r  each  app l i ­
ca t i on  t o  remove  any  depos i t s  o f  se rum.  A f t e r  eve ry  s i x th  app l i ca t i on  
the  app l i ca to r  was  washed  i n  de te rgen t ,  r i nsed  i n  ho t  t ap  wa te r ,  and  
r i nsed  i n  d i s t i l l ed  wa te r .  Sy r i nges  and  need les  were  hand led  i n  the  
same manner  as  g lassware .  
3 .  De te rm i  na t  i on  o f  t o ta l  p ro te i  n  concen t râ t  i on  
The  b iu re t  me thod  was  used  t o  de te rm ine  t he  concen t ra t i on  o f  t o ta l  
p ro te in  i n  the  b lood  se rum (Na te l son ,  1957 ) •  The  p rocedu re  was  adap ted  
t o  sma l l  samp le  vo lumes  as  f o l l ows :  0 .01  m l .  o f  se rum was  washed  i n to  
1  m l .  o f  d i s t i l l ed  wa te r ,  1  m l .  o f  f u l l  s t reng th  b iu re t  so lu t i on  was  
added  and  m ixed  t ho rough l y  and  a l l owed  t o  reac t  f o r  a t  l eas t  15  m inu tes ,  
bu t  no  l onge r  t han  30  m inu tes .  Abso rbency  was  measu red  i n  a  
spec t ropho tome te r  a t  5^0  mu .  I f  the  samp le  appea red  c l oudy  due  t o  
excess i ve  l i p i ds ,  1  m l .  o f  d ie thy l  e the r  was  added ;  t he  so lu t i on  was  
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mixed  and  cen t r i f uged .  The  e the r  was  asp i ra ted  and  t he  lower  l aye r  
read .  Grams  pe r  100  m l .  o f  se rum were  de te rm ined  f rom the  f o l l ow ing  
fo rmu la  :  
Abso rbence  unknown  ^  ^  ,  ,  ,  
Abso r faence  s tanda rd  "  ««  Pro te in  i n  s tanda rd  
= ,  pe r  cen t  p ro te in  i n  unknown  
_ ( g rams  pe r  100  m l . )  
Lab - t ro l  (Dade  Chemica l  Co . )  was  used  as  t he  s tanda rd  so lu t i on  
(7 -3  -  0 .2  g rams  t o ta l  p ro te in  pe r  100  m l . ) .  
4 .  E lec t ropho res i  s  
E lec t ropho re t i c  t echn iques  sepa ra te  p ro te in  mo lecu les  acco rd ing  
t o  t he i r  ne t  cha rge ,  s i ze  and  mo lecu la r  we igh t .  S ince  t he  i soe lec t r i c  
po in t s  o f  i nd i v i dua l  p ro te ins  d i f f e r ,  t hey  w i l l  gene ra l l y  bea r  d i f f e r ­
en t  ne t  cha rges  a t  d i f f e ren t  pH 's .  When  t he  pH i s  ad jus ted  by  t he  
p rope r  bu f fe r  t o  a  va lue  a l ka l i ne  t o  t he  i soe lec t r i c  po in t ,  t hey  w i l l  
m ig ra te  t o  t he  anoda l  s i de  o f  t he  f i e l d  a t  d i f f e ren t  ra tes ,  depend ing  
upon  t he i r  ne t  cha rge ,  s i ze  and  mo lecu la r  we igh t .  I n  zone  e lec t ro ­
pho res i s  where  an  e l ec t r i ca l  f i e l d  i s  se t  up  ac ross  a  pape r  s t r i p ,  
ce l l u l ose  ace ta te  o r  any  o the r  po rous  med ium,  sa tu ra ted  w i t h  bu f fe r ,  
spa t i a l  sepa ra t i on  o f  t he  i nd i v i dua l  p ro te ins  occu rs .  The  spa t i a l  
a r rangemen t  o f  t hese  p ro te ins  can  be  de te rm ined  by  s ta in ing  the  p ro ­
te ins  upon  t he  suppo r t  med ium and  op t i ca l l y  scann ing  them.  
App rox ima te l y  3 -4  p j  o f  samp le  was  app l i ed  t o  Sep rapho re  I I I  
s t r i ps ,  p re -mo is tened  i n  bu f fe r ,  w i t h  a  Ge lman  samp le  app l i ca to r  #51220 .  
Samp les  we re  e lec t ropho resed  f o r  45  m inu tes  a t  room tempera tu re  w i t h  an  
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app l i ed  vo l t age  o f  220  vo l t s .  Va r i ous  vo l t ages  and  t ime  i n te rva l s  were  
t r i ed  a t  t he  s ta r t  o f  t he  expe r imen t ,  bu t  t he  above  were  t he  mos t  
des i rab le .  Sepa ra t i on  was  ach ieved  i n  Ge lman  h igh  reso lu t i on  bu f fe r  
(T r i s -Ba rb i t a l -Sod ium Ba rb i t a l ,  pH  8 .8 ,  i on i c  s t reng th  0 .05 ) .  
A f t e r  p ro te in  sepa ra t i on  t he  s t r i ps  were  removed  f r om the  chamber  
and  p laced  i n  Ponceau  S  s t a in  (500  mg .  i n  100  m l .  o f  5% t r i ch l ' ô race t i c  
ac id )  f o r  a t  l eas t  5  m inu tes .  Excess  backg round  s ta in  was  removed  by  
wash ing  t he  s t r i ps  one  m inu te  each  i n  3 -4  ba ths  o f  5% ace t i c  ac id .  
The  s t r i ps  were  p laced  i n  b lo t t i ng  pape r  un t i l  a i r  d r y ,  t hen  p laced  
i n  an  oven  30  m inu tes  (3  5 ° -4o°  C , )  be fo re  c l ea r i ng  t o  assu re  t ha t  a l l  
mo is tu re  was  removed .  
The  f o l l ow ing  techn ique  was  used  t o  c l ea r  s t r i ps .  They  we re  
p laced  i n  a  so lu t i on  o f  10% ace t i c  ac id  i n  me thano l  ( 10  m l .  ace t i c  
ac id  p lus  90  m l .  me thano l )  un t i l  comp le te l y  we t ted  and  t r ans fe r red  t o  
m ic roscope  s l i des .  Care  was  t aken  a t  t h i s  po in t  t o  remove  a l l  a i r  _  
bubb les  be tween  t he  s l i de  and  t he  s t r i p .  When  t he  re la t i ve  humid i t y  
was  h i gh ,  s t r i ps  were  p laced  i n  an  oven  a t  35° -40°  C .  un t i l  d r y  and  
t r anspa ren t .  A i r  d r y i ng  was  a t t emp ted  bu t  p roved  unsa t i s fac to ry ,  f o r  
t he  s t r i ps  tu rned  opaque .  
A f t e r  c l ea r i ng ,  s t r i ps  were  scanned  us ing  t he  Dens i co rd  scanne r  (505  
pm b lue  f i l t e r )  w i t h  a  spec ia l  ce l l u l ose  ace ta te  ca r r i age  a t t ached ,  d r i ­
ven  by  a  mo to r  mechan i sm,  wh i ch  a l l owed  fo r  a  4 -1  r a t i o  o f  g raph  pape r  
t o  s t r i p .  Scann ing  p roduced  an  abso rbency  cu rve  o f  t he  Ponceau  S  s ta in  
i n  eàch  f r ac t i on ,  wh ich  i n  tu rn  was  p ropo r t i ona l  t o  t he  amoun t  o f  p ro ­
t e i n  i n  each  band .  The  i n teg ra to r  measu red  t he  a reas  unde r  each  cu rve  
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and  reco rded  i t  on  t he  e ]ec t rophe rog ram (F igu re  4 ) .  P ro te in  f r ac t i ons  
( I ,  I I ,  I I I ,  IV )  we re  sepa ra ted  f o r  ca l cu la t i ons ,  by  d i f f e rences  i n  
re la t i ve  s ta in  dens i t y  be tween  a reas  heav i l y  s ta ined  (p ro te in  f r ac t i ons )  
and  t he  a reas  be tween  them,  wh i ch  con ta ined  re la t i ve l y  l i t t l e  s ta in  
(A ,  8 ,  C ,  D ) .  Ve r t i ca l  l i nes  were  d rawn  be tween  each  p ro te in  f r ac t i on  
t o  the  i n teg ra to r  marks  (A -A ' ,  B -B ' ,  C -C ,  D-D ' )  (F igu re  5 ) .  When  
sepa ra t i ons  were  i nd i s t i nc t ,  measu remen ts  o f  t he  s t r i ps  were  used  t o  
sepa ra te  bands  on  t he  e lec t rophe rog ram.  The  number  o f  marks  we re  
coun ted  unde r  each  cu rve  and  added  t o  ob ta in  t he  t o ta l  number .  Each  
i nd i v i dua l  number  was  d i v i ded  by  t he  t o ta l  t o  ob ta in  t he  pe rcen tage  
o f  each  band .  
Ce l l u l ose  ace ta te  as  a  quan t i t a t i ve  techn ique  has  been  i nves t i ­
ga ted  by  Graham and  Grunbaum (1963 ) ;  Grunbaum,  Zee ,  and  Dur rum (1963 ) ;  
Grunbaum,  Lyons ,  and  Zee  (19^3 ) ;  and  B r i e re ,  Go l i as ,  and  Ba l zak i s  
(1965 ) .  The  p rocedu res  used  i n  t h i s  s tudy  f o l l ow  c lose l y  t he  s tanda rds  
and  l im i t a t i ons  se t  f o r t h  by  t hese  au tho rs .  
Us ing  s tanda rd i zed  cond i t i ons  f o r  e lec t ropho res i s ,  t he  l oca t i on  
o f  each  f r ac t i on  shou ld  be  cons i s ten t  as  t o  i t s  pos i t i on  on  t he  
e lec t rophe rog ram;  howeve r ,  sma l l  d i f f e rences  i n  samp le  s i ze ,  runn ing  
t ime ,  and  d i f f e rences  i n  t o ta l  se rum p ro te in  be tween  i nd i v i dua l s  can  
a l t e r  t he  dens i t y  o f  each  band .  
I n  o rde r  t o  de te rm ine  t he  va r i ab i l i t y  w i t h i n  t he  e lec t ropho res i s  
t echn ique ,  t en  rep l i ca t i ons  were  made  on  one  samp le .  Sma l l  va r i a t i ons  
ex i s ted  be tween  t he  rep l i ca t i ons .  The  l a rges t  s tanda rd  e r ro r  o f  t he  
mean  f o r  any  samp le  was  0 .6%.  The  i n f l uence  o f  t he  scanne r  was  a l so  
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t es ted  by  scann ing  a  s i ng le  s t r i p  16  t imes .  Va r i a t i ons  were  s l i gh t  and  
t he  l a rges t  s tanda rd  e r ro r  o f  t he  mean  f o r  any  f r ac t i on  was  l ess  than  
0 .4%.  
5 .  Labo ra to ry  expe r imen ts  
B lueg i l l s  used  i n  l abo ra to ry  expe r imen ts  we re  co l l ec ted  f rom 
Sparks  Pond  by  se in ing .  Immed ia te l y  a f t e r  cap tu re  t hey  were  p laced  
i n  a  t en -ga l l on  con ta ine r  f i l l ed  w i th  pond  wa te r  and  ae ra ted  by  
ag i t a t i on .  A t  t he  l abo ra to ry  t hese  f i sh  were  t r ans fe r red  t o  de -
ch lo r i na ted  tap  wa te r  o f  app rox ima te l y  t he  same t empera tu re .  F i sh  
were  no t  used  i n  expe r imen ts  f o r  2  t o  3  weeks  o r  un t i l  t hey  wou ld  
t ake  d ry  f ood  read i l y .  
6 .  Crowd i  ng  expe r  imen t  
On  Ju l y  1 2 ,  I 965 ,  acc l ima ted  f i sh  were  randomly  ne t ted  f rom a  
ho ld ing  tank  (568  l i t e r s ) .  A l l  f i sh  were  t agged  w i t h  a  number  Î  
mone l  me ta l  s t rap  tag  wh ich  was  a t t ached  t o  t he  ope rc le .  They  we re  
we ighed  t o  the  nea res t  g ram and  t o ta l  l eng th  was  measu red  t o  the  
nea res t  t en th - i nch .  
These  f i sh  were  p laced  i n  fou r  i den t i ca l  squa re  t anks ,  each  con ­
t a i n i ng  app rox ima te l y  $4$  l i t e r s  o f  dech lo r i na ted  tap  wa te r .  Tap  
wa te r  was  dech lo r i na ted  by  bubb l i ng  a i r  and  wa te r  t h rough  g lass  beads .  
Wa te r  was  a l l owed  t o  f l ow  i n to  t he  tanks  a t  app rox ima te l y  . 95  l i t e r s  
pe r  m inu te .  The  excess  wa te r  l e f t  t h rough  a  s tand  p ipe .  The  wa te r  
t empera tu re  w i t h i n  a l l  t anks  va r i ed  f rom 15 .5 °  t o  17 .0 °  C .  t h roughou t  
t he  du ra t i on  o f  t he  expe r imen t .  Ammon ia  n i t r ogen  l eve l s  and  d i sso l ved  
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oxygen  l eve l s  were  checked  pe r i od i ca l l y  du r i ng  t he  expe r imen t .  
S tock ing  ra tes  were  as  f o l l ows :  Tank  A  -  10  f i sh ;  Tank  B  -  78  
f i sh ;  Tank  C -  4o f i sh ;  and  Tank  D -  25 f i sh .  
On  Ju l y  15 ,  1965 ,  a  f eed ing  ra t i on  o f  G lenco  t r ou t  pe l l e t s  was  
s ta r ted .  I t  con ta ined  no t  l ess  than  35  pe r  cen t  c rude  p ro te in ,  no t  
l ess  than  3  pe r  cen t  c rude  f a t ,  and  no t  more  t han  7  pe r  cen t  c rude  
f i be r .  Each  f i sh  was  t o  rece i ve  3  pe l l e t s  pe r  day ;  howeve r ,  s i nce  t he  
pe l l e t s  were  b roadcas t  on  t he  su r face  o f  t he  wa te r ,  i t  i s  p robab le  
t ha t  some f i sh  rece i ved  more  t han  3  pe l l e t s  wh i l e  o the rs  rece i ved  l ess .  
Du r i ng  t he  n igh t  o f  November  15 -16  a  wa te r  hose  b roke  a l l ow ing  
app rox ima te l y  f ou r  l i t e r s  pe r  m inu te  o f  ch lo r i na ted  tap  wa te r  t o  f l ow  
th rough  Tank  A .  E igh t  f i sh  d ied .  The  rema in ing  two  f i sh  were  
e l im ina ted  f rom the  expe r imen t .  
A l l  f i sh  were  samp led  December  1 ,  1$65 .  B lood  samp les  we re  
d rawn  and  hand led  as  desc r i bed  p rev ious l y ,  w i t h  t he  excep t i on  t ha t  
samp les  we re  p laced  immed ia te l y  i n to  the  f r eeze r .  Sex ,  we igh t ,  and  
t o ta l  l eng ths  were  reco rded .  A t  t he  end  o f  t he  expe r imen t  i nd i v i dua l  
f i sh  cou ld  no t  be  recogn i zed ,  s i nce  a l l  bu t  two  f i sh  had  l os t  t he i r  
t ags .  
7 .  Feed i  ng  expe r imen ts  
I n  o rde r  t o  de te rm ine  t he  e f f ec t  o f  s ta rva t i on  on  b l ueg i l l  se rum 
p ro te ins ,  a  f eed ing  expe r imen t  was  s ta r ted  Sep tember  29 ,  1964 .  F i sh  
were  ne t ted  and  p laced  i n  4  squa re  t anks  (549  l i t e r s  ) .  F i f t y  f i sh  
were  p laced  i n  each  t ank .  T rea tmen ts  we re  ass igned  t o  tanks  by  a  
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random number  t ab le  (Snedeco r ,  1956 ) .  F i sh  i n  tanks  A  and  C we re  f ed  
a  r a t i on  o f  3  pe l l e t s  each .  F i sh  i n  tanks  B  and  D r ece i ved  no  f ood  
ra t i on  fo r  t he  du ra t i on  o f  t he  expe r imen t .  B lood  samp les  we re  t aken  
f rom 5  randomly  ne t ted  f i sh  f rom each  tank  eve ry  s i x th  day .  The  l as t  
g roup  was  samp led  November  S ,  1964 .  To ta l  se rum p ro te in  was  de te rm ined  
by  t he  b iu re t  me thod .  
A  second  f eed ing  expe r imen t  was  s ta r ted  Feb rua ry  8 ,  I 966 ,  t o  
de te rm ine  t he  e f f ec t  o f  s ta rva t i on  on  t he  va r i ous  p ro te in  componen ts  
as  shown  by  e lec t ropho res i s .  Twen ty -seven  f i sh  were  p laced  i n  two  
t anks .  Tank  A  f i sh  were  g i ven  a  r a t i on  o f  3  pe l l e t s  pe r  day .  F i sh  i n  
tank  B  d i d  no t  rece i ve  a  f ood  ra t i on  fo r  t he  du ra t i on  o f  t he  expe r imen t .  
The  wa te r  supp l y  f o r  t h i s  expe r imen t  was  dech lo r i na ted  w i t h  a  
mode l  3  Eve rpu re  wa te r  pu r i f i e r  con ta in ing  ac t i va ted  cha rcoa l .  Wa te r  
f l ow  th rough  each  t ank  was  app rox ima te l y  1 .9  l i t e r s  pe r  m inu te .  Tank  
wa te r  was  f i l t e red  th rough  g lass  woo l  a t  app rox ima te l y  one  ga l l on  pe r  
m inu te  t o  remove  accumu la ted  o rgan i c  ma t te r .  D i sso l ved  oxygen  and  
ammon ia  n i t r ogen  l eve l s  were  measu red  pe r i od i ca l l y  th roughou t  t he  
expe r imen t .  
B lueg i l l s  we re  samp led  f r om bo th  tanks  May  I 3 ,  I 966 .  B lood  was  
t aken  f rom the  cuva r i an  duc t .  We igh t  i n  g rams ,  t o ta l  l eng th ,  and  sca le  
samp les  we re  t aken .  Sex  was  checked  i n te rna l l y .  A l l  f i sh  were  im­
ma tu re ;  t he re fo re ,  i t  was  d i f f i cu l t  t o  make  pos i t i ve  sex  de te rm ina t i ons .  
B lood  samp les  we re  f r ozen  and  l a te r  ana l yzed  by  e lec t ropho res i s .  
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B.  Resu l t s  
1  .  Feed ing  expe r i  men t  s  
The  resu l t s  o f  two  f eed ing  expe r imen ts  i nd i ca te  t ha t  f ood  dep r i ­
va t i on  a f f ec t s  bo th  t he  t o ta l  l eve l  o f  se rum p ro te in  and  t he  p ropo r ­
t i ona l  amoun ts  o f  p ro te in  i n  f rac t i ons .  
To ta l  p ro te in  l eve l s  va r i ed  f rom 4 .77 -3 .80  gms . / lOO m l .  i n  the  
f ed  g roup  and  f rom 4 . 3 3 -1 .4 ]  gms . / lOO m l .  i n  the  s ta rved  g roup  
(F igu re  6 ) .  The  t o ta l  se rum p ro te in  l eve l s  rema ined  f a i r l y  cons tan t  
t h roughou t  t he  expe r imen t  i n  the  f ed  g roup  w i t h  s l i gh t  dec reases  on  
t he  24 th ,  30 th ,  and  36 th  days  and  e leva t i on  t o  a  h igh  l eve l  on  t he  
42nd  day .  A  r eg ress ion  ana l ys i s  was  run  on  t o ta l  p ro te in  l eve l s  w i t h  
t ime  i n  o rde r  t o  f i nd  the  "b "  va lue  o r  s l ope  o f  t he  l i ne .  Th i s  " f a "  
( 0 .0624 )  was  t es ted  t o  de te rm ine  i f  i t  was  s i gn i f i can t l y  d i f f e ren t  
f r om ze ro .  A  S tuden t ' s  " t "  t es t  i nd i ca ted  tha t  t he  ca l cu la ted  "b "  
va lue  was  no t  s i gn i f i can t l y  d i f f e ren t  f rom ze ro  a t  t he  0 .05  l eve l  o f  
s i gn i f i cance .  Th i s  wou ld  i nd i ca te  tha t  t he re  was  no  s i gn i f i can t  
change  i n  the  se rum p ro te in  l eve l s  i n  the  fed  g roup  w i t h  t ime .  The  
s ta rved  g roup  t o ta l  se rum p ro te in  l eve l s  dec reased  a f t e r  t he  6 th  day  
f r om 4 .33  t o  1 .45  gms . / lOO m l .  a t  day  42 .  A  r eg ress ion  ana l ys i s  was  
run  t o  ob ta in  t he  " fa "  va lue  (b  =  -0 .7095 ) .  Th i s  "b "  va lue  was  t es ted  
t o  de te rm ine  i f  i t  was  s i gn i f i can t l y  d i f f e ren t  f r om ze ro .  A  S tuden t ' s  
" t "  tes t  i nd i ca ted  tha t  " f a "  was  s i gn i f i can t l y  d i f f e ren t  f r om ze ro  a t  
t he  0 .05  l eve l  o f  s i gn i f i cance .  The  two  "b "  va lues  were  t es ted  t o  
de te rm ine  i f  they  were  s i gn i f i can t l y  d i f f e ren t ;  t hey  were  s i gn i f i can t l y  
d i f f e ren t  a t  t he  0 .05  l eve l .  
F igu re  6 .  To ta l  se rum p ro te ins  o f  f ed  and  s ta rved  b lueg i l l s  
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Plasma ( se rum)  p ro te ins  se rve  as  nu t r i en t s  f o r  a l l  t i s sues  o f  t he  
body .  Food  p ro te ins  p rov ide  am ino  ac ids  f o r  syn thes i s  o f  p lasma  
p ro te ins  wh ich  y i e l d  the  necessa ry  mo lecu la r  s t ruc tu res  f o r  t he  
syn thes i s  o f  mos t  t i s sue  p ro te ins  (Kuge lmass ,  1959 ) .  The  concen t ra ­
t i on  o f  p lasma  p ro te ins  becomes  reduced  wheneve r  a  su f f i c i en t  supp l y  
o f  am ino  ac ids  are  no t  p resen t ;  howeve r ,  even  du r i ng  pe r i ods  o f  s ta rva ­
t i on  o r  deb i l i t a t i ng  d i seases  t he  ra t i o  o f  t i s sue  p ro te ins  t o  p lasma  
p ro te ins  rema ins  f a i r l y  cons tan t  a t  33 :1  (Guy ton ,  19^1 ,  Kuge lmass ,  1959 ) .  
Du r i ng  pe r i ods  o f  p ro te in  dep r i va t i on ,  t he  body  p re fe ren t i a l l y  uses  ca r ­
bohyd ra tes  and  f a t .  Carbohyd ra te  s to res  w i l l  no t  l as t  more  t han  48  
hou rs .  The  f a t  s to res  a re  nex t  t o  be  me tabo l i zed  and  i n  a  hea l t hy  
i nd i v i dua l  con ta in ing  15  pe r  cen t  f a t  i t  usua l l y  t akes  5 -6  weeks  f o r  
t he  f a t  s to res  t o  be  used .  A f t e r  t he  f a t  s to res  a re  dep le ted ,  t he  
amino  ac ids  o f  t he  b lood  beg in  t o  be  ve ry  r ap id l y  deamina ted  and  ox i ­
d i zed  f o r  ene rgy .  Guy ton  (1963 )  s ta tes  t ha t  t he  p lasma  p ro te ins  a re  
a  l ab i l e  s to rage  sou rce  o f  p ro te in  f o r  t he  t i ssues  and  a re  ox id i zed  
f o r  ene rgy  du r i ng  pe r i ods  o f  l ow  p ro te in  i n take  wh ich  may  accoun t  f o r  
t he i r  dec l i ne .  Howeve r ,  Kuge lmass  (1959 )  s ta tes  tha t  du r i ng  pe r i ods  
o f  de f i c i en t  p ro te in  i n take  l ower  l eve l s  may  be  caused  by  dec reased  
syn thes i  s .  
The  ave rage  t o ta l  se rum p ro te in  l eve l  o f  b l ueg i l l s  i n  t h i s  expe r i ­
men t  f ed  da i l y  ra t i ons  was  4 .3  gms . / lOO m l . ,  wh i ch  i s  w i t h i n  t he  range  
repo r ted  by  o the r  au tho rs  f o r  va r i ous  spec ies  (Tab le  I 3 ) .  The  ave rage  
va lue  f o r  s ta rved  i nd i v i dua l s  a f t e r  36  days  was  1 ,4  gms . / lOO m l . ,  
wh i ch  i s  cons ide rab l y  l ower  t han  no rma l  va lues .  The  dec l i ne  i n  t o ta l  
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se rum p ro te in  l eve l s  appea rs  t o  be  cons ide rab l y  f as te r  t han  repo r ted  
f o r  humans .  
Two  exp lana t i ons  a re  g i ven  f o r  t h i s  rap id  dec l i ne .  P ro te in  seems  
t o  be  i nvo l ved  i n  the  p r i nc ipa l  me tabo l i c  pa thway  i n  f i shes .  Ph i l l i ps  
e t  a l .  (19^8 )  f ound  t ha t  t r ou t  we re  r e l a t i ve l y  i ne f f i c i en t  i n  hand l i ng  
ca rbohyd ra te .  A f t e r  f eed ing  g lucose  t o  t r ou t ,  t he  b lood  g lucose  cu rve  
resemb led  t ha t  o f  d i abe t i c  man ;  and  he  sugges ted  t h i s  m igh t  be  caused  
by  reduced  i nsu l i n  supp l y ,  Ph i l l i ps  a j_ .  a l so  repo r ted  ca rbohyd ra te  
f eed ing  ove r  ex tended  pe r i ods  o f  t ime  caused  pa tho log i ca l  s to rage  o f  
g l ycogen  and  was  s t rong l y  co r re la ted  w i t h  i nc reased  mor ta l i t y .  The re ­
f o re ,  f i sh  mus t  r e l y  on  f a t s  and  p ro te ins  as  sou rces  o f  ene rgy ,  
Ph i l l i ps  and  Podo l i ak  (1957 )  r epo r ted  t ha t  h igh  d ie ta ry  l eve l s  o f  so f t  
f a t  p roduced  edema i n  t rou t  and  caused  f a t t y  i n f i l t r a t i on  o f  t he  
l i v e r  w h i c h  l e d  t o  e x c e s s i v e  m o r t a l i t y .  I t  a p p e a r s  t h a t  b o t h  c a r h o -
hy ra te  and  f a t  me tabo l i sm may  be  i ne f f i c i en t  . i n  f i sh ;  t he re fo re ,  l a rge  
amoun ts  o f  p ro te in  a re  used  f o r  ene rgy ,  Ph i l l i ps  e t  a l .  (1948 )  po in ted  
ou t  t ha t  appa ren t l y  t r ou t  a re  poo r  use rs  o f  ca rbohyd ra te  and  h igh - fa t  
d i e t s  and  use  a  po r t i on  o f  d ie ta ry  p ro te in  f o r  ene rgy .  F rom the  ava i l ­
ab le  i n fo rma t i on ,  i t  appea rs  t ha t  f i sh  u t i l i ze  a  h ighe r  p ropo r t i on  o f  
p ro te in  f o r  ene rgy  t han  mamma ls .  She l l  ( I 96 I )  f e l t  t h i s  h igh  need  f o r  
p ro te in  wou ld  have  a  p ro found  e f f ec t  on  f i sh  me tabo l i sm when  a  g rea t  
dea l  o f  ene rgy  i s  requ i red  f o r  syn thes i s  o r  i nc reased  me tabo l i c  r a te .  
Du r i ng  pe r i ods  o f  abno rma l l y  h i gh  ene rgy  requ i remen ts ,  i t  i s  conce i vab le  
t ha t  ene rgy  i n take  wou ld  no t  be  h igh  enough  t o  mee t  me tabo l i c  demands  
and  t i s sue  ca tabo l i sm wou ld  t ake  p lace .  I t  i s  poss ib le ,  t he re fo re .  
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t ha t  unde r  cond i t i ons  o f  f ood  dep r i va t i on ,  endogenous  p ro te in  sou rces  
may  be  u t i l i zed  more  qu i ck l y  i n  f i shes .  Ano the r  exp lana t i on  i s  t ha t  
r ap id  f l uc tua t i ons  i n  t o ta l  se rum p ro te in  l eve l s  i n  f i shes  may  no t  be  
t oo  unusua l .  She l l  ( I 96 I )  repo r ted  cyc l i c  changes  i n  se rum p ro te ins  
w i t h  t ime .  He  f ound  dec reases  o f  30  pe r  cen t  i n  se rum p ro te in  concen ­
t r a t i on  o f  sma l l  mou th  bass  ove r  an  8 -week  pe r i od ,  f o l l owed  by  an  
i nc rease  o f  150  pe r  cen t  i n  a  12 -week  pe r i od .  Sano  ( i 960 )  repo r ted  
va r i a t i ons  i n  se rum p ro te in  l eve l s  o f  b rook  t r ou t  o f  2 . 4  gms . / lOO m l .  
w i t h i n  60  days .  Changes  o f  t h i s  magn i tude  i n  h ighe r  o rgan i sms  a re  
reco rded  on l y  a f t e r  seve re  t r auma,  ma l i gnancy ,  o r  o the r  d i seases ,  bu t  
appea r  t o  be  no rma l  i n  f i shes .  
Dec reases  i n  to ta l  se rum p ro te in  l eve l s  due  t o  food  dep r i va t i on  
have  been  repo r ted  i n  f i shes  by  o the r  au tho rs .  Robe r t son  ^  ( I96 I )  
repo r ted  tha t  Pac i f i c  sa lmon  unde rgo ing  p ro longed  pe r i ods  o f  s ta rva t i on  
du r i ng  m ig ra t i on  had  reduced  l eve l s  o f  p lasma  p ro te ins .  F luc tua t i ons  
i n  se rum a lbumin  l eve l s  were  repo r ted  by  Smi rnova  (1962 )  and  were  r e ­
l a ted  to  food  supp l y .  So rvachev  (1957)  s tud ied  t he  p ro te in  compos i t i on  
o f  b lood  and  musc le  o f  ca rp  and  found  t ha t  t o ta l  se rum p ro te in  l eve l s  
d ropped  f rom 3 .9 -2 .8  pe r  cen t  a f t e r  app rox ima te l y  f i ve  and  one  ha l f  
mon ths  o f  h ibe rna t i on .  He  a l so  found  t ha t  t o ta l  se rum p ro te ins  l eve l s  
cou ld  be  b rough t  a lmos t  back  t o  no rma l .  
The  r esu l t s  o f  t he  p resen t  expe r imen t  a l ong  w i t h  o the r  expe r imen ts  
sugges t  t ha t  t o ta l  se rum p ro te in  l eve l s  o f  f i sh  a re  reduced  d ras t i ca l l y  
by  pe r i ods  o f  s ta rva t i on .  
Tab le  13 .  To ta l  b l ood  p ro te ins  i n  f resh  wa te r  f i sh  
Fami l y  and  spec ies  
Number  
o f  
f  i  sh  
To ta l  p ro te in  
g rams /1  00  m l .  
mean  
Range  Au tho r i t y  
Ac i  pe rse r  i  dae  
Rock  s tu rgeon  
Ac ipense r  sp .  2  2.8 2.5-3.1 Due tsch  and  McShan  (1949 )  
C Iupe i  dae  
G izza rd  shad  
Dorosoma ceped ianum 20  4 .7  3.8-6.3 Hunn  and  Rob inson  (1966 )  
Sa Imon i  dae  
B rook  t r ou t  
Sa l ve l i nus  f on t i na l i s  
Ra inbow t r ou t  
Sa l  mo  ga i rdne r i  
5-19 
(6 )  
poo led  
3.46 
5 .1  
2 .94 -4 .12  F ie ld ,  E l veh jem,  and  
Juday  (1943 )  
Deu tsch  and  McShan  (1949 )  
Lake  t r ou t  
Sa l ve l i nus  namaycush  
(8 )  
poo led  5 .0  Deu tsch  and  McShan  (1949 )  
B rown  t r ou t  
Sa lmo  t r u t t a  
(4 )  
poo  1ed  4 .0  Deu tsch  and  McS l i an  (  1  949 )  
Wh i te f i sh  
Coregonus  c l upea fo rm is  
(25)  
poo  1ed  5 .8  Deu tsch  and  McShan  (1949 )  
Tab i c  13 .  Con t .  
Number  To ta l  p ro te in  
Fami l y  and  spec ies  o f  g rams /100  m l .  
f i sh  mean  
Lake  he r r i ng  
Coregonus  a r t ed i i  
Ra inbow t r ou t  
Sa l  mo  ga i rdne r i  
Esoc i  dae  
No r the rn  P i ke  
Esox  1uc i  us  
Cyp r  i  n i  dae  
Carp  
Cyp r  i  nus  ca rp io  
Cyp r  i  nus  ca rp io  
Cyp r i nus  ca rp io  
Cyp r  i  nus  ca rp i  o  
I nd ian  ca rp  
Ca t  1  a  ca t  l a  
poo led  
(25)  
10 
poo  1ed  
( 2 )  
5 -19  
poo led  (7 )  
5 .0  
4.66 
1 2  
3 .3  
4.15 




"S tanda rd  dev ia t i on  




0 .34*  
Deu tsch  and  McShan  (19^9 )  
Sano  (1962 )  
ON 
Deu tsch  and  McShan  (19^9 )  
F ie ld ,  E l veh j  em,  and  Juday  (1943 )  
Deu tsch  and  McShan  (1949 )  
So rvachev  (1957 )  
Sano  (1962 )  
Das  ( 19^U  
Tab le  13 .  Con t .  
Fami l y  and  spec ies  
Number  
o f  
f i sh  
To ta l  p ro te i  
g rams /100  m l  
mean  
C i r rh ina  mr iga la  12  
Labeo  r oh i  t a  ] 2  
Catos tom i  dae  
Wh i te  sucke r  poo led  
Ca tos tomus  commerson i  ( 8 )  
Sma l lmou th  bu f f a lo  
I c t i obus  buba lus  i  
Ic ta1u r i  dae  
Channe l  ca t f i sh  poo led  
I c ta1u rus  punc ta tus  ( 2 5 )  
Whi te  ca t f i sh  poo led  
I c ta lu rus  ca tus  (3 )  
Bu l l head  poo led  
I c ta1u rus  sp .  (25 )  
2 .87  
3 .11  
3 .3  
4 .5  
5 .1  
3 .3  
3 .8  
"S tanda rd  dev ia t i on .  
Range  Au tho r i t y  
0 . 46 *  Das  (1961 )  
0 .45*  Das  (1961 )  
Deu tsch  and  McShan  (1949 )  
ON 
-F-
Deu tsch  and  McShan  (1949 )  
Deu tsch  and  McShan  (1949 )  
Deu tsch  and  McShan  (1949 )  
Deu tsch  and  McShan  (1949 )  
Tab le  13 .  Con t .  
Fami l y  and  spec ies  
Number  
o f  
f i sh  
To ta l  p ro te in  
g rams /100  m l .  Range  Au tho r i t y  
mean  
Angu i11 i  dae  
Ee l  
Angu i l l a  j apon i ca  
Cen t  r a r ch i  dae  
Rock  bass  
Amb lop  1 i  t es  rupes t r i  s  
Pumpk inseed  sun f i sh  
Lepomi  s  g  i bbosus  
Sma l lmou th  bass  
M ic rop t  e rus  dp iom ieu i  
Pe rc i  dae  
Ye l  1  ovi perch  
Pe rca  f l avescens  
Wa 11  eye  
S t  i  zos ted i  on  v i  t  reum 
v i  t r eum 
10  
poo led  
( 2 0 )  
1 1 
poo led  
poo led  
(25)  
poo  1ed  
(8 )  
4.5 
4 . 0  
5 .0  
2 .4  
4 .5  
5.8 
3 .44 -4 .80  Sano  (1962 )  
4.6-6.1 
Deu tsch  and  McShan  (1949 )  
Hunn  and  Rob inson  ( I 966 )  
1 .8 -3 .3 * *  She l l  ( 1961 )  
Deu tsch  and  McShan  (1949 )  
Deu tsch  and  McShan  (1949 )  
* " '  Sea  sona  1  va r i a t i on .  
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Wi th  t he  e lec t ropho re t i c  me thod  used ,  f ou r  ma jo r  f r ac t i ons  were  
sepa ra ted .  Bouck  and  Ba l l  ( I 966 )  cou ld  sepa ra te  f i ve  ma jo r  f r ac t i ons  
w i t h  pape r  e l ec t ropho res i s  i n  b lueg i l l  se rum.  Summer fe l t  ( 1966 )  
sepa ra ted  s i x  ma jo r  f r ac t i ons  w i t h  pape r  e l ec t ropho res i s  i n  go lden  
sh ine rs  (No tem igonus  c r yso leucus ) .  When  compar ing  t he  go lden  sh ine r  
se rum p ro te in  f r ac t i ons  w i t h  those  o f  human  se rum,  he  f ound  t ha t  
h i s  f as tes t  mov ing  f r ac t i ons ,  1  and  2 ,  we re  i n  the  app rox ima te  pos i ­
t i on  o f  a lbumin  i n  man .  F rac t i on  1  had  a  mob i l i t y  s l i gh t l y  g rea te r  
t han  human  a lbumin  and  f r ac t i on  2  had  a  mob i l i t y  s l i gh t l y  s lower  t han  
human  a lbumin .  A f t e r  chemica l  ana l ys i s ,  Summer fe l t  des igna ted  
f r ac t i ons  1  and  2  as  a lbumins .  I n  the  p resen t  da ta ,  f r ac t i ons  I  and  I I  
were  g rouped  s ince  i n  some cases  t h i s  f r ac t i on  d id  no t  appea r  as  two  
d i s t i nc t  bands  bu t  as  one  (F igu re  7 ) .  
Summer fe l t  s t a ted  t ha t  f r ac t i ons  3 ,  4  and  5  have  t he  so lub i l i t y  
o f  pseudog lobu l i ns  and  componen t  6  o f  a  eug lobu l i n .  He  conc luded  
t ha t  a l t hough  s im i l a r i t i es  were  no ted  be tween  go lden  sh ine r  se rum 
p ro te in  f r ac t i ons  and  human  se rum p ro te in  f r ac t i ons ,  and  a l t hough  they  
may  have  t he  same ne t  cha rge ,  s im i l a r  s i ze ,  and  t he  same r e l a t i ve  
mob i l i t y ,  t hey  may  d i f f e r  i n  amino  ac id  compos i t i on  and  b io log i ca l  
ac t i v i t y .  He  recommended  us ing  numera l s  t o  l abe l  p ro te in  componen ts ,  
as  d i d  Vans tone  and  Ho  (1961 ) ,  Bouck  and  Ba l l  ( 1965 ) ,  and  Booke  (1965 ) .  
He  f e l t  a  f unc t i ona l  app roach  may  supp lemen t  phys iochemica l  da ta .  The  
me thod  o f  t he  above  au tho rs  was  used  i n  t h i s  s tudy .  
F igu re  7 .  E lec t rophe rog rams  i l l us t ra t i ng  sepa ra t i on  o f  p ro te in  
f r ac t i ons .  A .  Fou r  ma jo r  f r ac t i ons  sepa ra ted .  B .  Fou r  











— PT OF APPLICATION 
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The  second  f eed ing  expe r imen t  r an  f o r  64  days .  E igh teen  f i sh  
were  randomly  ne t ted  f rom each  g roup  a t  t he  end  o f  t he  pe r i od .  P ro te in  
componen ts  we re  sepa ra ted  by  e lec t ropho res i s .  A  gene ra l  i nc rease  
occu r red  i n  two  o f  t he  s lower  mob i l i t y  f r ac t i ons ,  I I  and  IV ,  w i t h  a  
r e l a t i ve  dec rease  i n  the  p ropo r t i ona l  amoun ts  o f  t he  h igh -mob i l i t y  
f r ac t i on  I  (Tab le  l 4 ) .  I n  t h i s  s tudy ,  and  appa ren t l y  i n  o the r  s tud ies ,  
h i gh -mob i l i t y  f r ac t i ons  a re  usua l l y  a lbumins  and  l ow-mob i l i t y  f r ac t i ons  
be long  t o  the  g lobu l i n  po r t i on .  I n  t he  f o l l ow ing  d i scuss ions  re fe rence  
t o  h igh -mob i l i t y  f r ac t i ons  w i l l  pe r ta in  t o  f r ac t i on  I ,  l ow-mob i l i t y  
I  
f r ac t i ons  a re  I I ,  I I I  and  IV .  
Tab le  14 .  Summary  o f  t he  i n f l uence  o f  s ta rva t i on  on  t he  d i s t r i bu t i on  
o f  p ro te in  i n  the  se rum o f  b l ueg i l l s  (exp ressed  as  pe r  
cen t  o f  t o ta l  se rum p ro te in )  
F rac t  i  ons  




n  = 1 8  






10 .10*  
7 -13  
S ta rved  
Mean  
Range  









^S ign i f i can t l y  d i f f e ren t  a t  0 .05  by  " t  "  t es t .  
The  resu l t s  i n  th i s  s ta rved  g roup  a re  s im i l a r  t o  those  repo r ted  
i n  ma 1nu t r i t i on  s tud ies .  Ma lnu t r i t i on  f rom de f i c i en t  p ro te in  i n take , .  
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d iges t i on ,  abso rp t i on ,  o r  ass im i l a t i on  i n  gas t ro in tes t i na l  o r  sys tem ic  
d i seases  causes  hypoa1buminemia  as  a  r esu l t  o f  dec reased  syn thes i s  
(Kuge lmass ,  1959 ) .  Kuge lmass  a l so  s ta tes  t ha t  g l obu l i n  syn thes i s  may  
be  s t imu la ted  by  a  dep ressed  p ro te in  poo l .  Thus ,  i n  the  case  o f  
ma lnu t r i t i on  where  t he  p ro te in  poo l  i s  l owered ,  h ighe r  g l obu l i n  va lues  
are  l i ke l y .  I n  ma l i gnan t  ma lnu t r i t i on  o f  ch i l d ren ,  t he  t o ta l  se rum 
p ro te in  l eve l  i s  l ow  w i t h  l ow  abso lu te  and  r e l a t i ve  amoun ts  o f  a lbumin  
and  h igh  abso lu te  and  r e l a t i ve  amoun ts  o f  gamma g l obu l i n  (Ande rson  
and  A1 tman ,  1951 ) .  
Th i s  gene ra l  r e l a t i ve  sh i f t  i n  l ow-mob i l i t y  and  h igh -mob i l i t y  
p ro te ins  has  been  te rmed  a  s t ress  pa t te rn  by  Dunn  and  Pea rce  (1961 ) ,  
and  i t  has  been  demons t ra ted  i n  f i sh  by  va r i ous  au tho rs  i n  rega rds  t o  
nu t r i t i on .  S inde rmann  and  Ma ins  (1961 )  f ound  t ha t  f r ac t i on  I  slumped  
d ras t i ca l l y  i n  s ta rv ing  a lew ives  a f t e r  two  mon ths .  So rvachev  (1957 )  
f ound  t ha t  t he  re la t i ve  amoun t  o f  se rum p ro te ins  i n  va r i ous  f r ac t i ons  
changed  i n  ca rp  t ha t  we re  kep t  unde r  p ro t rac ted  f as t i ng .  Th ree  t imes  
more  gamma g l obu l i ns  were  p resen t  a f t e r  f as t i ng ,  t he  amoun t  o f  be ta  
g lobu l i ns  d ropped  by  a  f ac to r  o f  t h ree ,  a lpha  g lobu l i ns  and  a lbumins  
d ropped  by  a  f ac to r  o f  more  t han  f i ve .  He  assumed  t ha t  t he  f r ac t i ons  
were  t he  same as  t hose  found  i n  mamma l ian  b lood .  Bouck  and  Ba l l  
( 1965 )  r epo r ted  gene ra l  i nc reases  i n  l ow-mob i l i t y  p ro te ins ,  w i t h  
gene ra l  dec reases  i n  the  p ropo r t i ona l  amoun ts  o f  h i gh -mob i l i t y  p ro te in  
when  b l ueg i l l s  were  sub jec ted  t o  l ow  d iu rna l  oxygen  pu l ses .  Appa ren t l y  
much  o f  t he  e f f ec t  cou ld  be  a t t r i bu ted  to  d i s rup t i on  o f  t he  d iges t i ve  
p rocess .  Du r i ng  pe r i ods  o f  l ow  oxygen  cond i t i ons ,  f i sh  vomi ted  
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s l i gh t l y  d iges ted  food  wh ich  t hey  had  ea ten  as  much  as  12  hou rs  ea r l i e r .  
I t  seems  appa ren t  f r om the  fo rego ing  d i scuss ion  t ha t  t he  re la t i ve  
amoun ts  o f  p ro te in  i n  ce r ta in  f r ac t i o r s  a re  a f f ec ted  by  f ood  dep r i va ­
t i on ,  usua l l y  w i t h  a  reduc t i on  o f  h igh -mob i l i t y  f r ac t i ons  and  an  i nc rease  
i n  l ow-mob i l i t y  f r ac t i ons .  
2 .  Crowd in g  expe r imen ts  
Th ree  l eve l s  o f  c rowd ing  were  t es ted  i n  expe r imen ta l  t anks  f rom 
dn l y  15 -December  \ ,  I 965 .  A t  t he  end  o f  t he  expe r imen t  15  f i sh  were  
randomly  ne t ted  f rom each  t ank .  B lood  p ro te ins  were  ana l yzed  by  
e lec t ropho res i s .  
A  s i ng le  c l ass i f i ca t i on  ana l ys i s  o f  va r i ance  was  used  t o  t es t  
d i f f e rences  be tween  t he  th ree  g roups  f o r  each  f r ac t i on .  Sma l l  bu t  
s i gn i f i can t  d i f f e rences  ex i s ted  be tween  band  I  and  I I I .  A  Tukey ' s  
mu l t i p l e  range  t es t  (Snedeco r ,  1956 )  was  used  t o  t es t  d i f f e rences  
be tween  f r ac t i ons  tha t  we re  s i gn i f i can t  by  ana l ys i s  o f  va r i ance .  
B lueg i l l s  we re  c rowded  a t  ra tes  o f  21 .9 ,  13 .7 ,  and  7 .0  l i t e r s  
pe r  f i sh .  The  se rum p ro te in  pa t te rns  o f  f i sh  c rowded  a t  13 .7  and  7 .0  
l i t e r s  pe r  f i sh  exh ib i t ed  s t ress  pa t te rns .  The  r e l a t i ve  amoun t  o f  
f r ac t i on  I  from f i sh  s tocked  a t  t he  i n te rmed ia te  dens i t y  was  s i gn i f i ­
can t l y  l ess  than  t he  re la t i ve  amoun t  o f  f r ac t i on  I  in  f i sh  s tocked  
a t  21 .9  l i t e r s  pe r  f i sh .  F rac t i on  I I I  was  s i gn i f i can t l y  g rea te r  i n  
f i sh  s tocked  a t  13 .7  and  7 .0  l i t e r s  pe r  f i sh  (Tab le  15 ) .  
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Tab le  15 -  Summary  o f  t he  i n f l uence  o f  3  r a tes  o  f  c rowd ing  on  t he  d i s -
t r i bu t  i on  o f  p ro te in  i n  the  se rum o f  b l ueg i l l s  (exp ressed  
as  pe r  cen t  o f  t o ta l  se rum p ro te i  n )  
Dens i t y  f i sh  F rac t i ons  
pe r  t ank  I  I I  I I I  IV  
(21 .9  L/fish )  Mean  41.94* 27.05 12.43* 18.63 
25  Range  33-47 23-32 6-15 13-26 
(13 .7  L / f i sh )  Mean  37.63* 28.23 14.50* 19.64 
4o  Range  26-47 22.32 11-17  16-23 
(7 .0  L / f i sh )  Mean  41 .74  25.72 14.93* 17-60 
78  Range  33,49 20.32 8-20 8-21 
"S ign i f i can t l y  d i f f e ren t  a t  0 .05  by  l ukey ' s  range  t es t .  
B rown  (1957 )  s ta tes  t ha t  space  f ac to rs  m igh t  a f f ec t  f i sh  g row th  
i n  two  ways ;  ( 1 )  t he  t o ta l  vo lume  o f  wa te r  m igh t  i n f l uence  g row th ,  
( 2 )  t he  deg ree  o f  c rowd ing  o f  i nd i v i dua l s  m igh t  be  impor tan t .  B rown  
(1946 )  f ound  t ha t  i n  2  yea r -o ld  Sa  1  mo  t r u t t a  the  tank  s i ze  had  no  
e f f ec t  on  t he  ra te  o f  g row th ,  bu t  t he re  was  an  op t imum deg ree  o f  
c rowd ing .  Ve ry  c rowded  f i sh  (3  l i t e r s  pe r  f i sh )  and  unc rowded  f i sh  
(50  l i t e r s  pe r  f i sh )  g rew  more  s l ow ly  than  f i sh  w i th  12 ,  23 ,  o r  35  
l i t e r s  pe r  f i sh .  Usua l l y  c rowded  f i sh  a te  l ess ,  used  food  l ess  e f f i ­
c i en t l y ,  and  d i s tu rbed  each  o the r  more  t han  l ess  c rowded  i nd i v i dua l s .  
The  f i sh  w i th  more  space  g rew  e r ra t i ca l l y  and  i t  seemed  t ha t  a  ce r ta in  
amoun t  o f  soc ia l  s t imu la t i on  was  necessa ry .  
Peck  o rde r  has  been  i nd i ca ted  as  a  cause  o f  d i f f e ren t i a l  g row th  
ra tes  i n  Kami  oops  t r ou t  by  S t r i nge r  and  Hoar  ( 1955 ) .  They  f ound  t ha t  
73 
dominan t  i nd i v i dua l s  g rew  f as te r .  I n  the  p resen t  s tudy ,  peck  o rde rs  
we re  es tab l i shed  i n  tanks  con ta in ing  b lueg i l l s .  Usua l l y  t he  l a rge r  
i nd i v i dua l s  wou ld  de fend  a  sma l l  a rea  o f  t he  tank  and  chase  t he  
sma l l e r  i nd i v i dua l s  f rom t h i s  a rea ;  howeve r ,  a t  f eed ing  t ime  the  
sma l l e r  i nd i v i dua l s  were  as  agg ress i ve  as  t he  l a rge r  f i sh  i n  seek ing  
f ood .  B rown  (1957)  sugges ted  t ha t  s i nce  t he  sma l l e r  i nd i v i dua l s  
f eed  as  r ead i l y  as  t he  l a rge r  i nd i v i dua l s  t ha t  poss ib l y  subo rd ina te  
i nd i v i dua l s  su f f e r  f r om " s t ress "  i n  the  p resence  o f  l a rge r  ones  
and  t he  p roduc t i on  o f  ad renoco r t i co t rop in  i s  i nc reased .  
3 .  F ie ld  expe r imen ts  
E lec t ropho re t i c  ana l ys i s  sepa ra ted  f ou r  ma jo r  bands  i n  se rum f rom 
b lueg i l l  co l l ec ted  i n  the  s tudy  ponds .  
The  means ,  va r i ances ,  and  s tanda rd  dev ia t i ons  were  p l o t t ed  i n  
d i f f e ren t  g roups  t o  de te rm ine  i f  a  co r re la t i on  ex i s ted  be tween  t rea tmen t  
means  and  t he i r  w i t h i n - t rea tmen t  va r i ances .  No  co r re la t i ons  were  
appa ren t  wh i ch  i nd i ca ted  t ha t  a  t r ans fo rma t i on  o f  t hese  da ta  was  no t  
necessa ry .  
Sums  o f  squa res  f o r  t he  ana l ys i s  o f  va r i ance  were  ob ta ined  f rom 
mu l t i p l e  reg ress ion  ana l ys i s .  A l l  ma in  e f f ec t s  ( sex ,  t ime ,  and  ponds )  
we re  s i gn i f i can t  f o r  each  band .  The  i n te rac t i ons  be tween  pond  and  
t ime ,  sex  and  t ime ,  and  pond  and  t ime  were  s i gn i f i can t .  The  i n te r ­
ac t i ons  be tween  pond ,  sex ,  and  t ime  were  a l so  s i gn i f i can t  (Tab les  16 ,  
1 7 ,  1 8 ,  1 9 ) .  
Blueg i l l s  were  sepa ra ted  i n to  ma les ,  f ema les ,  and  immatu res  f o r  
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ana lys i s .  F i sh  were  cons ide red  immatu re  when  t he  gonads  we re  sma l l  
and  t he  sex  cou ld  no t  be  de te rm ined  mac roscop i ca l  1  y .  
Sex  d i f f e rences  were  s i gn i f i can t  f o r  each  f r ac t i on  w i th in  spec i f i c  
t imes  and  ponds ;  howeve r ,  t he  i n te rac t i ons  be tween  pond  and  sex  we re  
a l so  s i gn i f i can t ,  i nd i ca t i ng  tha t  a t  d i f f e ren t  t imes  w i t h i n  d i f f e ren t  
ponds  t he  pe rcen tage  p ro te in  w i t h i n  f r ac t i ons  changed  pos i t i on  ove r  
t ime .  
Pe rcen tages  o f  each  f r ac t i on  showed  t he  same gene ra l  t r ends  i n  
ma les ,  f ema les ,  and  immatu res  w i t h  t ime  (F igu res  8 ,  $ ,  10 ,  11 ) .  The  
p ropo r t i ona l  amoun t  o f  f r ac t i on  I  in  ma les  was  cons i s ten t l y  h ighe r  
t han  fema les  t h roughou t  t he  t ime  pe r i ods  t es ted .  Immatu res  had  t he  
h ighes t  amoun t  o f  f r ac t i on  I  in  June  bu t  we re  be low  ma les  t he  rema inde r  
o f  t he  season ,  and  h ighe r  t han  fema les  un t i l  Oc tobe r .  
The  p ropo r t i ona l  amoun ts  o f  p ro te in  i n  f rac t i ons  I I  and  I I I  were  
cons ide rab l y  l ower  f o r  fema les  i n  June  t han  ma les  and  immatu res .  The  
mos t  impo r tan t  f ac to r  t o  be  cons ide red  i n  June  i s  t he  re la t i ve  amoun t  
o f  p ro te in  i n  f rac t i on  l \ l  (F igu re  11 ) .  The  abso lu te  pe rcen tage  o f  
f r ac t i on  IV  was  cons ide rab l y  h ighe r  i n  fema les .  The  i nc reased  pe r ­
cen tage  o f  t h i s  f r ac t i on  wou ld  cause  p ropo r t i ona l  dec reases  i n  o the r  
f r ac t i ons  and  appa ren t l y  t he  dec rease  occu r red  i n  f rac t i ons  I I  and  I I I .  
S im i l a r  obse rva t i ons  o f  an  i nc rease  i n  one  f r ac t i on  has  been  
repo r ted  i n  o the r  an ima ls .  The  appea rance  o f  ex t ra  f r ac t i ons  i n  the  
se rum o f  egg - l ay ing  an ima ls  has  been  demons t ra ted ,  McK in ley  e t  a l .  
(1954 )  demons t ra ted  t he  ex i s tence  o f  a  l i pop ro te in  by  e lec t ropho res i s  
i n  av ian  se rum w i t h  t he  onse t  o f  egg - l ay ing  and  es t rogen i za t i on .  
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McCu l l y  a l_ .  ( 1959 )  t en ta t i ve l y  i den t i f i ed  two  f r ac t i ons  i n  fow l  
se rum as  l i pov i t e l l i n  and  1 ipov i t i 11  en in  comp lexes .  Two  s l ow-mov ing  
f r ac t i ons  i n  p lasma  o f  v i v i pa rous  snakes  we re  ma in l y  respons ib le  f o r  
t he  i nc rease  i n  p lasma  p ro te in  l eve l s  du r i ng  es t rus  (Dessaue r  and  Fox ,  
1959) .  
The  p resence  o f  v i t e l l i n  i n  f i sh  has  been  demons t ra ted  by  Ba i l ey  
(1957 ) .  Vans tone  and  Ho  (1961 )  r epo r ted  t ha t  e lec t rophe rog rams  o f  
p lasma  ob ta ined  f rom spawn ing ,  ma tu r i ng  and  spen t  ma le  coho  sa lmon  
were  s im i l a r  t o  immatu re  f i sh  o f  e i t he r  sex .  Howeve r ,  as  f ema les  ma­
tu red ,  a  s i x th  f r ac t i on  appea red ,  wh i ch  was  assoc ia ted  w i t h  l i p i d  
s ta in ing  ma te r i a l  and  had  t he  same mob i l i t y  as  f r ac t i on  IV ,  They  
repo r ted  t ha t  t h i s  f r ac t i on  was  p robab l y  a  m ix tu re  o f  l i pov i t e l l i n  
and  1 ipov i t e l  1en in  comp lexes  as  repo r ted  by  McCu l l y  e t  a l .  (1959 ) .  
The  p roposed  s i t e  o f  syn thes i s  f o r  t h i s  ma te r i a l  was  g i ven  as  t he  l i ve r  
and  h ighe r  l eve l s  i n  the  se rum a re  measu red  as  t h i s  ma te r i a l  i s  
be ing  t ranspo r ted  f rom the  l i ve r  t o  the  deve lop ing  ova .  Th i s  f r ac t i on  
was  absen t  f r om spawn ing  o r  spen t  f ema les .  
The  appea rance  o f  l i pop ro te in  componen ts  i s  a  p robab le  exp lana t i on  
f o r  t he  i nc rease  i n  f r ac t i on  IV  i n  nea r  ma tu re  fema le  b l ueg i l l s .  
F rac t i on  IV  rema ined  s l i gh t l y  h igh  i n  Ju l y  i n  fema le  f i sh ,  wh ich  was  
due  t o  a  f ew  ma tu r i ng  fema les  a t  t h i s  t ime .  I n  the  Augus t  and  Oc tobe r  
co l l ec t i ons  f r ac t i on  IV  was  app rox ima te l y  t he  same f o r  a l l  f i sh  
(F i  gu re  11 ) .  
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T a b l e  ] 6 .  A n a l y s i s  o f  v a r i a n c e  t a b l e  f o r  p r o t e i n  f r a c t i o n  I  
( A l l  v a r i a b l e s  f i x e d )  
Trea tment  D .F .  S .S .  M.S.  F .  
Ma in  e f fec ts  12  15065.62 
Less  ponds  8  11628.98 
Ponds  w i th in  sex ,  t ime 4  3436.64 859.16 26.35* 
Less  sex  10  13040.58  
Sex  w i th in  ponds ,  t ime 2  2025.04  1012.52 31.05* 
Less  t ime 9  8514.79  
T ime w i th in  ponds ,  sex  3  6550.83 2183.61 66.96"  
Ma in  e f fec ts  p lus  2  fac to r  i  nterac t  i  ons 
Ma in  +  2  fac to r  38  23259.29 
Main  e f fec ts  12  15065.62 
Two fac to r  in te rac t ion  26 8193.67 
Less  ponds  and  sex  30  22588.85 
Pond and  sex  8  670 .44  83 .80  2.57* 
Less  ponds  and  t ime 26 17026.36 
Pond,  t ime in te rac t ion  12 6232.93 519.41 15.93*  
Less  sex  and  t ime 32  22481.63 
Sex,  t ime in te rac t ion  6  777.66 129.61  3.97* 
Trea tment  combina t ion  59  27458.92 
Main  +  2  fac to r  38 23259.29 
" S i g n i f i c a n t  a t  t h e  . 0 5  1  e v e ] .  
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T a b l e  l 6 ,  C o n t .  
Trea tment  D .F .  S . S .  M.S.  F .  
Pond sex  t ime in te rac t ions  2 1  4199.63  199 .98  6 .13*  
To ta l  446  40077.43  
Trea tment  combina t ions  5 9  27458.92  
Er ro r  387  1 2 6 1 8 . 5 1  32.61  
"S ign i f i can t  a t  the  .05  leve l .  
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T a b l e  1 7 .  A n a l y s i s  o f  v a r i a n c e  t a b l e  f o r  p r o t e i n  f r a c t i o n  I I  
( A l l  v a r i a b l e s  f i x e d )  
Trea tment  D.F .  S .S .  M.S.  F .  
Ma in  e f fec ts  12  17995.16 
Less  ponds  8  14055.40 
Ponds /sex ,  t ime 4  3939.76 984.94  24.95* 
Less  sex  10  16369.90 
Sex/ponds ,  t ime 2  1625.26 812.63  20 .58* 
Less  t ime 9  10848.41 
T ime/ponds ,  sex  3  7146.75 2382.25 60.34* 
Ma in  +  2  fac to r  38  27983.06 
Main  e f fec ts  12  17995.16 
Two fac to r  in te rac t ion  26 9987.90 
Less  ponds  and sex  30  26831.84  
Ponds  and  sex  8  1151.22  143 .90  3.64* 
Less  ponds  and  t ime 26 23131.33 
Pond,  t ime in te rac t ion  12 4851.73  4O4.31  10.24* 
Less  sex  and  t ime 32  25422.55 
Sex ,  t ime in te rac t ion  6  2560.51 426.75 10 .81*  
Trea tment  combina t ions  59 29642.02 
Ma in  +  2  fac to r  38  27983.06 
Ponds ,  sex ,  and  t ime 21 1658.96  79 .00  2.00* 
" S i g n i f i c a n t  a t  t h e  . 0 5  l e v e l .  
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Tab le  17 .  Cont .  
T rea tment  D,F .  S ,S ,  M.S.  F .  
To ta l  446  44919.02  
Trea tment  combina t ions  59  29642.02  
Er ro r  387  15277.00  39 .48  
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T a b l e  l 8 .  A n a l y s i s  o f  v a r i a n c e  t a b l e  f o r  p r o t e i n  f r a c t i o n  I I I  
( A l l  v a r i a b l e s  f i x e d )  
Trea tment  O.F ,  S .S .  M.S.  F .  
Ma in  e f fec ts  12  11571.27  
Less  ponds  8  10004.34 
Ponds /sex ,  t ime 4  1566.93 391.73 17.48* 
Less  sex  10  11374.33 
Sex/ponds ,  t ime 2  196.94 98.47 4.39* 
Less  t ime 9  4134.65 
Time/ponds ,  sex  3  7436.62 2478.87  110 .61*  
Ma in  +  2  fac to r  38  18466.16  
Ma in  e f fec ts  12  11571 .27  
Two fac to r  in te rac t ion  26 6894.89 
Less  ponds  and  sex  30  18070.27 
Ponds  and  sex  8  395.89 49.49 2.21* 
Less  ponds  and  t ime 26 13870.84 
Ponds  and  t ime 12 4595.32 382.94 17.09* 
Less  sex  and  t ime 32  17376.58 





T rea tment  combina t ions  59  19454.09 
Main  +2  fac to r  38  18466.16  
Pond,  sex, and t ime 21 987.93 47.04  2 .10*  
" S i g n i f i c a n t  a t  t h e  . 0 5  l e v e l .  
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Tab le  ]8 .  Cont .  
T rea tment  D.F .  S .S .  M.S.  F .  
To ta l  446  28125.83  
Trea tment  combina t ion  59  19454.09  
Er ro r  38?- -  8671.74  22 .41  
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T a b l e  1 9 .  A n a l y s i s  o f  v a r i a n c e  t a b l e  f o r  p r o t e i n  f r a c t i o n  I V  
( A l l  v a r i a b l e s  f i x e d )  
Trea tment  D .F .  S .S .  M.S.  F .  
Ma in  e f fec ts  12  22962.20 
Less  ponds  8  22600.43  
Ponds /sex ,  t ime 4  361.77  9 0 . 4 4  4 . 5  "  
Less  sex  10  15716.55  
Sex /ponds ,  t ime 2  7245.65  3622.83 183.71* 
Less  t ime 9  7662.44 
Time/ponds ,  sex  3  15299.76  5099.92  258.62* 
Main  +  2  fac to r  .  3 8  36691.17  
Less  ma in  e f fec ts  12  22962.20 
Two fac to r  in te rac t ion  26  13728.97  
Less  ponds  and  sex  3 0  35998.38  
Ponds  and  sex  8  692.79  86 .60  4.39* 
Less  ponds  and  t ime 26  34819.47  
Ponds  and  t ime 12 1871.70 1 5 5 . 9 7  7.91*  
Less  sex  and t ime 3 2  26424.38  
Sex  and  t ime 6  10266.79 1 7 1 1 . 1 3  86.77*  
Trea tment  combina t ions  5 9  38256.53 
Main  +  2  fac to r  3 8  36691.17 
Ponds ,  sex  and  t ime 21 1565.36 7 4 . 5 4  3.78*  
"S ign i f i can t  a t  the  . 0 5  l eve l  
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Tab le  19 .  Cont .  
T rea tment  D .F .  S .S .  M.S.  F .  
To ta l  446  45888.36  
Trea tment  combina t ions  59  38256.53  
Er ro r  387  7631.83  19 .72  
Figure  8 .  Percen tage p ro te in  in  f rac t ion  1 ,  over  t ime,  fo r  ma le ,  
female ,  and  immature  b lueg i l l s  
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Figure  9 .  Percen tage p ro te in  in  f rac t ion  I I ,  over  t ime,  fo r  ma le ,  
female ,  and  immature  b lueg i l l s  
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Figure  10 .  Percen tage p ro te in  in  f rac t ion  I I I ,  over  t ime,  fo r  ma le ,  
female ,  and  immature  b lueg i l l s  
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Figure  11 .  Percen tage p ro te in  in  f rac t ion  IV ,  over  t ime,  fo r  ma le ,  
female ,  and  immature  b lueg i l l s  
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The re la t i ve  propor t ions  o f  f rac t ion  I I  inc reased f rom June to  
Ju ly  w i th  lower  re la t i ve  amounts  i n  females .  A  decrease  occur red  
f rom Ju ly  to  Augus t  i n  a l l  g roups ;  however ,  ma les  remained h igher  
than  females .  Percen tage p ro te ins  in  immatures  and  females  were  
approx imate ly  the  same i n  Augus t  and  October .  Ma le  percen tages  
decreased f rom Augus t  to  October  and  were  lower  than  bo th  females  
and  immatures  i n  October  (F igure  9 ) .  
The re la t i ve  propor t ions  o f  f rac t ion  I I I  inc reased f rom June 
to  Augus t  i n  females  and immatures  and  decreased f rom Augus t  to  
October .  The  inc rease  in  f rac t ion  I I I  in  males  was  no t  as  abrup t  
as  i n  females  and  immatures  f rom June to  Ju ly  and  remained fa i r l y  
cons tan t  f rom Ju ly  to  October  (F igure  10) .  
In  o rder  to  de te rmine  the  re la t ionsh ips  be tween ponds  and  sexes  
and  the  p ropor t iona l  amounts  o f  p ro te in  w i th in  each  f rac t ion ,  the  va lues  
fo r  each  f rac t ion  w i th in  ponds  and  sex  were  p lo t ted  (F igures  12 ,  13 ,  
and  l 4 ) .  Severa l  genera l  t rends  were  no ted .  Usua l l y  f rac t ions  I I  and 
I I I  con ta ined  the  h ighes t  re la t i ve  amount  o f  p ro te in ,  except  fo r  
L ink  and  McLa in  pond ma les ,  where  f rac t ion  I  was g rea te r  than  f rac t ion  
I I I .  Females  i n  a l l  ponds  had  the  grea tes t  p ropor t iona l  amount  o f  
f rac t ion  IV .  As  d iscussed p rev ious ly ,  the  h igher  va lue  o f  f rac t ion  
IV  i s  re la ted  to  gonada l  matura t ion  in  the  females .  The va lues  fo r  
f rac t ion  I I  was h ighes t  i n  a l l  ponds  except  L ink  Pond,  wh ich  had a  
g rea te r  amount  i n  f rac t ion  I I I .  
Figure  12 .  Percen tage p ro te in  in  f rac t ions  I ,  I I ,  I I I ,  and IV  fo r  
female  b lueg i l l s  f rom a l l  s tudy  ponds  
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Figure  I3 .  Percen tage p ro te in  in  f rac t ions  I ,  I I ,  I I I ,  and IV  fo r  
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Al though d i f fe rences  were  s ign i f i can t  in  each f rac t ion  be tween 
ponds ,  the  percen tage p ro te in  in  each f rac t ion  was var iab le .  Sex  
o r  s tage  o f  matur i t y  caused sh i f t s  in  the  re la t i ve  rank ing  o f  ponds .  
B lueg i l l s  o f  a  par t i cu la r  sex  w i th in  a  pond migh t  have  the  h ighes t  
percen tage p ro te in  w i th in  a  f rac t ion ;  however ,  when the  percen tage 
pro te in  o f  another  sex  was  cons idered ,  the  re la t i ve  rank ing  o f  the  
pond migh t  change.  I t  i s  impera t i ve ,  there fo re ,  to  cons ider  sex  as  
a  var iab le  when compar ing  p ro te in  f rac t ions  o f  f i sh  taken f rom 
d i f fe ren t  ponds .  
McLa in  Pond con ta ined  s tun ted  b lueg i l l s ;  however ,  the  p ro te in  
f rac t ions  o f  f i sh  f rom th is  pond d id  no t  exh ib i t  s t ress  pa t te rns  to  
any  g rea te r  ex ten t  than  f i sh  f rom Sparks  and  K imber ley  ponds  (F igures  
12 ,  13 ,  and  l4 ) .  In  a l l  sexes  Sparks  Pond had lower  re la t i ve  amounts  
o f  h igh  mob i l i t y  f rac t ion  I  and g rea te r  p ropor t iona l  amounts  o f  
f r a c t i o n  I I  i n  m a l e s  a n d  f e m a l e s  ( F i g u r e s  1 2  a n d  1 3 ) .  
Huf facker  Pond,  wh ich  was in te rmed ia te  in  popu la t ion  dens i ty ,  
bu t  had  the  lowes t  s tand ing  c rop ,  had  the  lowes t  re la t i ve  amount  o f  
f rac t ions  I I  and I I I  and the  h ighes t  p ropor t iona l  amounts  o f  f rac t ions  
I  and IV  in  females  (F igure  12) .  Us ing  the  hypothe t i ca l  s t ress  pa t te rn  
as  an  ind ica t ion  o f  we l l -be ing ,  females  i n  Huf facker  Pond migh t  be  
cons idered  to  be  in  be t te r  phys io log ica l  cond i t ion  than  females  f rom 
o ther  ponds .  Ma les  and immatures  f rom Huf facker  Pond had  re la t i ve ly  
h igh  amounts  o f  f rac t ion  I  and were  in te rmed ia te  in  the  amount  o f  
f rac t ions  I I  and I I I .  
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L ink  Pond was  d is t inc t i ve ,  s ince  i t  was the  on ly  pond in  wh ich  
f rac t ion  I I I  was h igher  than  f rac t ion  I I  in  a l l  sexes  (F igures  12 ,  
13 ,  and  14) .  
The most  apparen t  fac to r  i s  the  var iab i l i t y  o f  p ro te in  f rac t ions  
be tween ponds  over  sex  and  the  lack  o f  cor re la t ion  be tween p ro te in  
pa t te rns  and popu la t ion  dens i ty .  
The pond- t ime in te rac t ions  fo r  each  pond were  s ign i f i can t  (Tab les  
15 ,  ID ,  17 ,  and  l8 ) .  The percen tage p ro te in  leve ls  in  each  f rac t ion  
in  a l l  ponds  showed genera l  t rends  over  t ime.  Usua l l y  the  d i f fe rences  
in  f rac t ions  be tween ponds  were  less  in  Ju ly  and October ,  w i th  g rea te r  
d i f fe rences  in  June and  Augus t .  
The  percen tages  o f  f rac t ion  I  decreased f rom June to  Ju ly  in  a l l  
ponds .  Th is  decrease  con t inued in  Sparks  and  K imber ley  ponds  un t i l  Aug­
us t  and  inc reased to  h igh  leve ls  in  October .  In  Huf facker ,  L ink ,  and  
K imber ley  ponds  the  percen tages  o f  f rac t ion  I  rose f rom Ju ly  to  Augus t .  
The  h ighes t  leve l  o f  f rac t ion  I  occur red  in  Augus t  i n  Huf facker  Pond 
and  d ropped s l igh t l y  f rom Augus t  to  October .  McLa in  Pond,  l i ke  Huf facker  
Pond,  showed re la t i ve ly  h igh  percen tages  in  Augus t  and  rose  s l igh t l y  
f r o m  A u g u s t  t o  O c t o b e r .  L i n k  P o n d  p e r c e n t a g e s  i n c r e a s e d  s l i g h t l y  f r o m  
Ju ly  to  Augus t  and  rose  sharp ly  f rom Augus t  to  October .  The  per ­
cen tage d i f fe rence  o f  f rac t ion  I  in  a l l  ponds  was  g rea te r  be tween 
ponds  i n  June and Augus t  w i th  smal le r  d i f fe rences  in  Ju ly  and October .  
In  October  the  va lues  fo r  Huf facker ,  L ink ,  K imber ley ,  and  McLa in  Ponds  
were  near ly  the  same.  The  percen tages  o f  f rac t ion  I  in  Sparks  Pond 
were  lower  than  the  o ther  ponds  i n  October  (F igure  15) .  
Figure  15 .  Percen tage p ro te in  in  f rac t ion  I  for  Sparks ,  L ink ,  
Huf facker ,  K imber ley ,  and  McLa in  ponds  over  t ime 
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Frac t ion  I I  inc reased  i n  a l l  ponds  f rom June  t o  Ju ly .  Hu f facker ,  
L ink ,  and  McLa in  pond  va lues  dec reased  f rom Ju ly  to  Augus t  and  then  
inc reased  qu i te  sharp ly  i n  Hu f facker  and  McLa in  pond  f rom Augus t  t o  
Oc tober .  The  va lues  i n  L ink  Pond  i n  Augus t  and  Oc tober  were  a lmos t  
i den t i ca l .  F rac t ion  I I  inc reased  i n  Sparks  and  K imber ley  ponds  f rom 
Ju ly  to  Augus t  and  dec reased  f rom Augus t  t o  Oc tober .  D i f fe rences  
be tween  the  percen tages  o f  f rac t ion  I I  were  g rea tes t  i n  June  and  
Augus t  (F igu re  16 ) .  
Percen tages  o f  f rac t ion  I I I  were  lowes t  i n  a l l  ponds  i n  June  
excep t  Sparks  Pond ,  wh ich  had  i t s  lowes t  pe rcen tage  i n  Oc tober .  A l l  
pe rcen tages  inc reased  f rom June  to  Augus t  i n  Sparks ,  Hu f facker ,  McLa in ,  
and  K imber ley  ponds ,  and  then  dec reased  s l i gh t l y  f rom Augus t  t o  
Oc tober .  F rac t ion  I I I  percen tages  i n  L ink  Pond  reached  h igh  leve ls  
i n  June  and  dec reased  con t inua l l y  to  Oc tober .  The  d i f f e rences  be tween  
pe rcen tages  o f  f rac t ion  I I I  w i th in  ponds  were  g rea tes t  i n  Augus t  and  
more  near l y  equa l  i n  June ,  Ju ly  (excep t  L ink  Pond) ,  and  Oc tober  (F igu re  
17 ) .  
Percen tages  o f  f rac t ion  IV  were  h igher  i n  a l l  ponds  i n  June .  
S ince  the  i n te rac t ion  be tween  ponds ,  sex ,  and  t ime  was  s ign i f i can t ,  
f rac t ion  IV  over  t ime  was  s im i la r  t o  the  pa t te rns  desc r ibed  fo r  sex  
and  t ime ,  and  pond  and  sex .  Percen tages  o f  f rac t ion  IV  dec l i ned  i n  
a l l  ponds  f rom June  to  Ju ly .  Va lues  i n  K imber ley  and  McLa in  ponds  
con t inued  to  d rop  s l i gh t l y  f rom June  to  Oc tober .  A  s l i gh t  r i se  i n  the  
percen tage  o f  f rac t ion  IV  was  ev iden t  i n  Sparks  Pond  f rom Ju ly  to  
Oc tober .  Va lues  i n  Hu f facker  Pond  dec reased  f rom June  to  Ju ly  and  then  
] o4  
rose  f rom Augus t  t o  Oc tober .  Percen tages  o f  f rac t ion  IV  were  near l y  
equa l  i n  Oc tober  (F igu re  ]8 ) .  
A l though  d i f f e rences  i n  percen tage  p ro te in  be tween  a l l  f rac t ions  
were  s ign i f i can t  over  ponds ,  they  were  compounded  by  sex  and  t ime .  
Ponds  cou ld  no t  be  ranked  accord ing  to  popu la t ion  dens i t y  by  the  re la ­
t i ve  amoun ts  o f  p ro te in  w i th in  f rac t ions ,  s ince  the  re la t i ve  amoun t  
o f  p ro te in  i n  f rac t ions  changed  w i th  t ime .  
One  va r iab le  no t  cons ide red  i n  the  ana lys i s  o f  va r iance  was  age  
o f  the  ind iv idua ls .  The  age  compos i t i on  o f  a l l  ponds .was  no t  the  
same so  i t  was  imposs ib le  to  compare  i nd iv idua ls  o f  the  same age  over  
ponds .  B lueg i l l s  o f  d i f f e ren t  ages  were  g rouped  i n  McLa in  and  Hu f facker  
ponds  w i th in  a  spec i f i c  t ime  and  sex  (Tab le  20 ) .  D i f fe rences  be tween  
each  band  were  tes ted  aga ins t  age  w i th in  each  o f  these  ponds .  There  
were  no  s ign i f i can t  d i f f e rences  be tween  ages  w i th in  these  ponds  a t  
the  0 .05  l eve l  us ing  a  S tuden t ' s  " t "  tes t ;  however ,  t he  samp le  s i ze  
was  sma l l  i n  each  case  and  may  no t  ac tua l l y  be  rep resen ta t i ve  o f  the  
en t i re  popu la t ion .  
F igure  16 .  Percen tage  p ro te in  i n  f rac t ion  I I  fo r  Sparks ,  L ink ,  
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F igure  17 .  Percen tage  p ro te in  i n  f rac t ion  I I I  fo r  Sparks ,  L ink ,  
Hu f facker ,  K imber ley ,  and  McLa in  ponds  over  t ime  

















t ->- o  lU 
F igure  18 .  Percen tage  p ro te in  i n  f rac t ion  IV  fo r  Sparks ,  L ink ,  
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Tab le  20 .  Summary  o f  the  in f l uence  o f  age  i n  the  d i s t r i bu t ion  o f  
p ro te in  i n  the  se rum of  b lueg i l l s  f rom Hu f facker  and  
McLa in  ponds  (exp ressed  as  pe r  cen t  o f  to ta l  se rum p ro te in ]  
Pond  Age  F rac t ions  
I  n  HL 1^  
Huf facker  (ma le )  
Mean 3 38.88 26.24 22.30 12.58 
Range  32-46 20-30  18-32  8 - l6  
n  =  8  
Mean 4  36.95 26.63 23.79 12.63 
Range  31-44 21-38  17 -25  6-l8 
McLa in  ( fema le )  
Mean 4  10.06 42.45 26.06 21.29 
Range  6 -17  28 -48  17-31  13-33  
n  =  1  0  
Mean 5  13.80 36.61 25.95 23.36 
Range 12-18 26-46 21 -33  10-33 
n  = 6 
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VI .  DISCUSSION AND CONCLUSIONS 
A .  Labora to ry  Exper imen ts  
Food  depr i va t ion  fo r  4$  days  a f fec ted  the  to ta l  se rum p ro te in  
leve ls  i n  b lueg i l l s .  A  d rop  o f  30  pe r  cen t  was  no ted  a f te r  36  days  
i n  the  s ta rved  g roup .  The  resu l t s  o f  t h i s  s tudy  and  o the rs  i nd ica te  
tha t  the  amoun t  o f  t o ta l  se rum p ro te ins  a re  reduced  by  s ta rva t ion ,  and  
the  reduc t ion  i n  to ta l  p ro te ins  i s  rap id  when  compared  to  man.  
E lec t rophores is  o f  se rum p ro te in  o f  b lueg i l l s  separa ted  fou r  
ma jo r  f rac t ions .  B lueg i l l s  sub jec ted  to  s ta rva t ion  fo r  64 days  had  
reduced  amoun ts  o f  f rac t ion  I  wi th  p ropor t i ona l  i nc reases  i n  f rac t ions  
I I  and  IV .  Th is  rep resen ts  the  s t ress  pa t te rn  found  by  o the r  worke rs .  
Crowd ing  exper imen ts ,  i n  wh ich  f i sh  were  c rowded  a t  d i f f e ren t  ra tes  
were  i nconc lus i ve .  Sma l l  bu t  s ign i f i can t  d i f f e rences  ex is ted  be tween  
g roups  i n  f rac t ion  I  and f rac t ion  I I I .  The  pe rcen tage  o f  f rac t ion  I  
in  the  th ree  c rowded  g roups  were  no t  g rea t l y  d i f f e ren t  f rom f rac t ion  
I  in  the  fed  g roup ,  i nd i ca t ing  tha t  f rac t ion  I  was no t  reduced  by  the  
ra tes  o f  c rowd ing  tes ted .  The  re la t i ve  percen tages  o f  the  o the r  
f rac t ions  ( I I ,  I I I ,  and  IV )  were  cons ide rab ly  d i f f e ren t  f rom the  pe r ­
cen tages  found  i n  the  low-mob i l i t y  f rac t ions  o f  bo th  the  fed  and  
s ta rved  g roups ;  however ,  t he  s ign i f i cance  o f  these  changes  i s  no t  known.  
B .  F ie ld  Exper imen ts  
The  pe rcen tages  se rum p ro te in  i n  each  f rac t ion  o f  w i ld  b lueg i l l s  
f rom d i f fe ren t  ponds  was  va r iab le ;  however ,  t he  d i f f e rences  be tween  
ponds  were  s ign i f i can t .  Never the less  the  s ta t i s t i ca l l y  s ign i f i can t  
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i n te rac t ions  be tween  sex ,  t ime ,  and  ponds  made  i t  imposs ib le  to  de te r ­
m ine  the  re la t i onsh ips  be tween  popu la t ion  dens i t y  and  p ro te in  f rac t ions .  
A  spec i f i c  pond  d id  no t  ma in ta in  the  same pos i t i on  as  to  percen tage  
p ro te ins  w i th  t ime  o r  sex .  There fo re ,  i t  was  imposs ib le  t o  s ta te  tha t  
one  pond  was  cons tan t l y  be t te r  than  ano the r .  
S ince  p r i va te l y  owned  ponds  were  used  as  exper imen ta l  ponds ,  t he  
popu la t ions  cou ld  no t  be  a l te red ;  the re fo re ,  the  f i sh  da ta  ob ta ined  
f rom these  ponds  were  no t  a lways  comparab le .  Fo r  t h i s  reason  i t  was  
d i f f i cu l t  to  rank  ponds  by  compar ing  popu la t ion  dens i t i es ,  s tand ing  
c rops ,  and  g rowth  ra tes .  A l though  the  ages  o f  f i sh  f rom a l l  ponds  
were  no t  t he  same,  t he  bes t  method  o f  rank ing  ponds  seemed to  be  by  
g rowth  inc rements  i n  1965 .  
E l  ec t rophore t i c  ana lys i s  o f  p lasma o r  se rum p ro te ins  have  been  
s tud ied  i n  con junc t ion  w i th  s t ress fu l  cond i t i ons  by  o the r  au tho rs .  
These  au tho rs  have  demons t ra ted  s t ress  pa t te rns  wh ich  they  re la ted  to  
spec i f i c  s t ress fu l  cond i t i ons .  Usua l l y  these  s tud ies  were  conduc ted  
i n  the  labora to ry  under  con t ro l l ed  cond i t i ons .  The  resu l t s  o f  th i s  
s tudy  i nd ica te  tha t  se rum p ro te in  f rac t ions  o f  w i ld  b lueg i l l  sun f i sh  
a re  ex t reme ly  va r iab le  and  many  fac to rs  m igh t  be  i n f l uenc ing  the  pe r ­
cen tage  compos i t i on  o f  the  p ro te in  f rac t ions .  There fo re ,  the  va lue  o f  
t h i s  techn ique  fo r  eva lua t ing  cond i t i ons  i n  na tu ra l  popu la t ions  i s  
ques t ionab le .  Un t i l  t he  e f fec ts  o f  no rma l  phys io log ica l  and  env i ron ­
menta l  f ac to rs  on  the  se rum p ro te ins  a re  known,  i t  seems imposs ib le  
to  a t t r i bu te  s t ress  pa t te rns  to  spec i f i c  fac to rs  such  as  po l l u t i on  o r  
d i sease .  
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There  a re  severa l  a reas  i n  wh ich  fu r the r  work  on  f i sh  serum 
p ro te ins  wou ld  be  use fu l .  F i r s t ,  b iochemica l  ana lys i s  and  i den t i f i ­
ca t ion  o f  the  va r ious  f rac t ions  a re  necessary  i n  o rder  to  unders tand  
the  s ign i f i cance  o f  changes  i n  the  p ro te in  pa t te rns .  Second ly ,  a f te r  
i den t i f i ca t ion  o f  the  f rac t ions ,  i t  wou ld  be  bene f i c ia l  t o  measure  
the  ac tua l  amoun t  ra the r  than  the  percen tage  o f  p ro te in  i n  each  f rac t ion .  
I t  wou ld  then  be  poss ib le  to  de te rm ine  whe ther  changes  i n  the  se rum 
p ro te in  componen ts  a re  re la t i ve  o r  abso lu te .  Th i rd l y ,  a l though  s tud ies  
have  been  pub l i shed  i l l us t ra t i ng  s t ress  pa t te rns ,  the  norma l  pa t te rns  
fo r  va r ious  spec ies  have  no t  been  repor ted .  S ince  p ro te in  f rac t ions  
o f  con t ro l  l abora to ry  an ima ls  may  d i f f e r  f rom these  o f  na tu ra l  popu la ­
t i ons ,  i t  wou ld  be  des i rab le  to  s tudy  exper imen ta l  ponds  i n  wh ich  
spec ies  compos i t i on ,  ages ,  and  numbers  o f  f i sh  cou ld  be  con t ro l l ed .  In  
th i s  manner  i t  migh t  be  poss ib le  to  de te rm ine  norma]  p ro te in  pa t te rns  
fo r  na tu ra l  popu la t ions .  
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